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PREFACE TO THE SECOND EDITION. 


OuB knowledge has been so much increased in extent and exactness 
in almost every department of Comparative Anatomy since the 
time when I converted my “Grundzuge'' into the first edition 
of this smaller manual — the “Grundriss’’ — that the publication 
of a second edition hardly seemed an easy task. Nevertheless, I 
gladly undertook it, for I had observed so much new evidence of 
the importance of the doctrine of development in anatomical 
enquiiy. The road along which science may travel forward success- 
fully seems indeed to be growing easier, yet the distance which 
we have made is but short in comparison with that which lies 
in front of us, and far beyond our view. Every question solved 
leads again to fresh problems, and renders unstable even what 
seemed to have taken a definite form. There are, therefore, great 
difficulties in giving such a comprehensive presentation of the 
subject as a text-book ought to supply. I have tried as much 
as possible to evade these difficulties where 1 have been unable 
to overcome them. Much remains unaltered, because recent in- 
vestigations appear to demand fundamental changes, the concrete 
expression of which cannot be immediately taken in hand. 

I have somewhat modified the arrangement of the matter. I 
can har^y be blamed for separating the Brachiopoda from the 
Mollusca, and treating them as forming an independent phylum. 
Nor indeed is the change a real one^ for even in my Grundziige’^ 
I drew especial attention to the great difference that obtained 
between them and the “ other Mollusca.'’ The Tunicata have 
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'Wn imied in the same way^ but ibis does not require an 
^ipdhgy at tlie present date* 

By treating tlie subject more concisely I have been able t 
increase the real matter to a certain extent^ without enlargin 
the siae of the book. I have^ of course, only dealt with whf 
has seemed to me to be of capital importance; many, and eve 
important, details have been omitted, owing to the limits impose 
by the aim of the book. 

I have endeavoured to correct some previous mistakes and t 
supply omissions. If any such have been retained, or have newl 
crept in, I shall be fairly judged, I know, by anatomists, wh 
will remember the vast extent of our science and the object c 
this work. I hope that I have satisfied them, and if I have m 
toil is well repaid. 


Heidelberg, November, 1877. 


O. Gegenbaur. 



PREFACE TO THE ENGLISH TRANSLATION. 


It is a great pleasure to me to be able to place in the hands of my pupils 
in Oxford and London an English translation of Professor Gbgbnbaub's 
“ Grundriss der Vergleichenden Anatomie.’^ I have to thank the energy and 
industry of Mr. Jeffrey Bell, of Magdalen College, Oxford (now one of 
the staff of the British Museum), for the translation which he undertook and 
carried through at my request, when I found that my time was too fully occu- 
pied with other work to allow of my completing it myself within a suffi- 
ciently short period from the date of publication of the German work. 

My share of the present work has therefore consisted in a careful 
revision of the MS. and proof-sheets, which has been by no means a mere 
formality, but enables me to give the assurance that the original work is 
faithfully rendered in the translation. - The chapter on the Tunicata I took 
occasion to translate myself. 

That Professor Gbgenbaur^s work will be of great service to those 
English students who do not already read German cannot be doubted. We 
have some excellent treatises in the English language on animal morpho- 
logy, notably the Manuals of the Anatomy of Vertebrate and Invertebrate 
Animals, by Professor Huxley. But wo do not possess any modem work 
on Comparative Anatomy, properly so-called; that is to say, a work in 
which the comparative method is put prominently forward as the guiding 
principle in the treatment of the results of anatomical investigation. The 
present work therefore appears to me to form a most important supplement 
to our existing treatisies on the structure and classification of animals. It 
has, over d!hd above this, a distinctive and weighty recommendation in that 
throughout and without reserve the Doctrine of Evolution appears as the 
living, moving investment of the dry bones of anatomical fact. Hot only 
is the student thus taught to retain and accumulate his facts in relation to 
definite problems which are actually exercising the ingenuity of investigators, 
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4iut he is encouraged, and to a certain exfetft tr&ied, in the healthy use of 
his speculative faculties ; in fact the one great nxethod by which new know- 
ledge is attained, whether of little things or of big things — the method of 
observation (or experiment), directed by speculation — ^becomes the con- 
scious and distinctive characteristic of his mental activity. Thus we may 
claim for the study of Comparative Anatomy, as set forth in the present 
work, the power of developing what is called ‘‘common sense” into the 
more precisely fixed “ scientific habit ” of mind. 

I have made no notes nor additions of any kind to the original text, 
with the exception of a few references to English works likely to be useful 
to the English student. These additions are indicated by brackets. 

Whilst the work is thus presented to the reader precisely as its author 
designed that it should be, there can be no objection to the introduction 
in this place of a few remarks suggested by the fact that this English 
translation is intended for the use of English students, and that it is 
therefore desirable, in order to prevent confusion and perplexity, to point 
out certain statements of fact, or of interpretation of fact, in which Professor 
Gkgenbaur differs widely from authorities usually followed in this country. 
I shall, moreover, refer to some recent additions to knowledge published 
since this work left Professor Gegbnbaur’s hands. It will be understood 
that the following paragraphs are intended as a supplement necessitated 
by the special objects .of this translation, and are by no means to be 
regarded as conceived in the spirit of criticism or discussion, which would 
assuredly ill befit a writer who is making known to a new audience the 
teachings of a master to whom he is deeply indebted, 

E’uclei of Cells. — In the first place, it seems necessary to notice 
that, whilst the last German edition of this work was in the press, very 
important additions to our knowledge of the nucleus of organic cells or 
plastids were being made. Though these investigations are not yet complete 
they tend to modify what is said conceniing the nucleus on pages 15 and 
16. The student is referred to an article by Mr. Priestley in the Quart. 
Joum. Microsc. Science, vol. xvi. (1876), for an account of the observations 
of Auerbach, Strasburgbr, Hbrtwig, and Van Bbnbdbn, and to part iil 
of the same Journal, vol xviii. (1878), for original observations on the same 
subject by Dr. Klein. , 

Eeproduction of Infusoria. — ^A most important modification in the 
current tows as to the reproduction of the Infusoria has resulted from 
the same line of study as that just mentioned, when carried into the 
domain of unicellular organisms. 0. Butsohli and Engblmann have shown 
that we are not at present in a position to assert that the process of con- 
jugation in the Infusoria is followed by a production of spores (see § 70). 
It results from their investigations that conjugation in the Infusoria is 
attended by a definite breaking-up of the nucleus and so-called nucleolus 
(paranucleus) of the conjugating individuals j ^but that the conjugating 
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imlivitlaals separate, and after ex^lling portions of the broken-up nuclear^ 
structures (probably as effete products), proceed to re-form the nucleus, 
or nucleus and nucleolus characteristic of the species. The so-called Acineti- 
form embryos appear to be parasites, the rod-like bodies occasionally observed 
in the nucleus are also parasites, whilst the striated structure and spindle- 
shape exhibited by the nucleolus or paranucleus in such forms as Para- 
moecium and Stylonichia at the period of conjugation, are simply due to 
changes in this body which are exactly paralleled in the nuclei of egg-cells and 
other tissue-elements of multicellular organisms, when those cells are about 
to divide by transverse fission. The process of conjugation in the Infusoria 
may be, and probably is, attended by an exchange of nuclear material 
between the conjugating individuals, and is so far comparable to sexual 
congress, but it results in a simple rejuvenescence ” of the conjugating 
individuals and not in a production of spores. Reproduction by fission and 
by the modification of fission, known as gemmation, has been accurately 
observed in Infusoria, but of the formation of ‘‘spores*' in this group 
we are at present ignorant, in spite of all that has been written on the 
subject. 

Origin of Male and Female Reproductive Elements from 
differenT'''"6ferm-layers. — In § 95 Professor Gbgbnbaur has described 
the observations of Ed. Van Bbnbdbn on the development of the sexual 
products in Hydractinia, and has adopted his generalisation, so far at 
least as it applies to the Hydromedusie. From more recent observa- 
tions (CiAMiciAN, Zeitschr. fiir wiss. Zoologie, vol. xxx. p. 501, 1878) 
it appears that in other genera of hydroid polyps the same arrangement 
does not obtain. In Eudendrium ramosum the ova appear to develop from 
the ectoderm, and the sperm from the endoderm ; in Tubularia mesem- 
bryanthemum both ova and sperm are ectodermal in origin according to 
CiAMiciAN ; Van Bbnbdbn found the ova to be endodermal and the sperm 
ectodermal in Hydractinia, whilst Kleinbnbbrg ascribes both to the ecto- 
derm in Hydra. 

Nervous System and Sensory Organs of Medusae. — ^During the 
past year a considerable addition has been made to knowledge on these 
points, by the researches of the two Hertwigs (“ Das Nervensystem und die 
Sinnesorgane der Medusen.” Leipzig, 1877). It is no longer possible to 
deny the existence of differentiated nervous tissue in the Medusae — ^the 
central organ having the form of a ring situated along the line of insertion 
of the velum in the Craspedota, and of a series of isolated ganglia, usually 
eight in number, placed on the edge of the disc in the Acraspeda. (See for 
an abstract «f recent researches on this subject. Quart. Journal of Microsc. 
Science, voL xviil p. 340.) 

Cirri and Elytra of Aphroditaceae. — ^The statement in § 105, that 
the elytra of the clwetopodous Worms, allied to Aphrodite, are formed by the 
metamorphosis of the dorsal mrri of the parapodia^ appears to be contradicted 
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’^y file feet, that'in Sigalion the elytra and dorsal cirri exist side by side on 
the same segment. 

Homologies of the Eami of the Appendages in Astacus. — ^Tho 
view taken by Professor Gbgbnbaur, as to the homologies of the parts of the 
appendages immediately following the mouth in Astacus, differs somewhat 
from that which is current in this country. In Fig. 122, p. 239, the 
mandible, two maxillae, and three maxillipedes of the right side of Astacus 
fluviatilis are figured. This woodcut was kindly re-drawn for the English 
edition by the author, at my request, and gives a more complete outline of 
the parts in question, than does the older cut of the German edition. 
Throughout the series of appendages, three divisions are distinguished by 
the letters a, c, d. Taking the lowest figure first (the third maxillipede) we 
find the endopodite marked a, the exopodite marked c, and the letter d 
placed with the single epipodite (podohranchia, Huxley) to its inner side, 
whilst the double arthrobranchia (Huxley) not forming part of the appendage 
proper, but a distinct respiratory development, is seen on its outer side. In 
the next figure (the second maxillipede), a indicates endopodite, c exopodite, 
and d is placed close to the double arthrobranchia on its outer side, whilst 
the modified epipodite is seen to the inner side again, of this. In the figure 
of the first maxOIipcde, a is placed near the foliaceous endopodite, which 
has a detached outstanding segment, c near the filamentous exopodite, and 
d near the broad epipodite. The same explanation of the lettering holds 
good for the next appendage, the second maxilla. In the next appendage — 
the first maxilla — the absence of the letters c and ^7, indicates that the 
author regards the whole appendage as reduced to the representative of 
the foliaceous endopodite a of the two inferior appendages — a view with 
which few will disagree. In the case of the mandible, however, Professor 
Gegbnbaur marks the “ palp with the letter c — considering, therefore, the 
basal piece of this appendage to represent the endopodite, and the palp to 
represent the exopodite. The more usual opinion on this matter is that the 
mandible, together with its palp, corresponds to the simple foliaceous first 
maxiUa. The jointed palp, mounted on its solid basal biting-pieco, cor- 
responds to the jointed endopodite a of the last maxillipede. 

The question of the presence or the absence of a representative of the 
exopodite in the Decapod^ mandible, is a matter of considerable importance 
in reference to possible comparisons between the gnathites of Crustacea and 
Tracheata. The actual development of the parts in question from the 
naupUus-form of appendage, must be the ultimate test of the homologies of 
their rami in the Crustacea. 

Bloodnsorpuscles of the Mollusca. — ^The statement on^. 376, that 
“the form-elements of the blood are always colourless ” in the Mollusca, is 
one which I may be allowed to correct, since I have published an account of 
the blood^orpuscles of Solen legumen (Proc. Eoyal Society, ITo. 140, 
1873), which, besides colourless amoeboid forms, comprise a vast number of 
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oval onesj deeply stained by bssmoglobin. The number of these corpuscles 
is so considerable as to give the blood of Solen legumen a bright blood* 
red colour, 

I may add here that I have observed similar though larger corpuscles 
impregnated with haemoglobin in the blood of species of Area. 

Homologies of the Arms of the Cephalopoda. — The view that 
the sucker*bearing arms of the cuttlefish are to be regarded as appendages 
of the head homologous with the tentacles on the head of Gasteropoda 
(p, 326), is one which, it will be well for the student to remember, is not 
that usually taught. He should make himself acquainted with the older 
and the newer view, and the grounds on which they are based. Without 
entering into a discussion of the arguments which may be adduced in favour 
of this or of rival interpretations of the parts, it must suffice here briefly to 
mention that the arms of the Cephalopod (the development of which had 
been made known by Kolliker), were shown by Professor Huxley, 
five-and-twenty years ago, to correspond to the fore^part of the foot of 
the Gasteropoda, and tlie ganglion, from which they receive their nerve 
supply, was then considered as corresponding to the pedal (Morphology of 
the Cephalous Mollusca, Phil. Trans. 1853). This view was maintained in 
the earlier editions of Gegenbaur^s work. It has been abandoned in the 
present edition, in deference to the statements of Mr. Jhering (‘^ Vergleichende 
Anatomie des Nervensystems und Phylogenie der Molluscen, Leipzig,” 1877). 
The whole of that author^s work, both statement of fact and speculative 
superstructure, appears to me to call for very cautious treatment, involving 
the rejection of some of his principal conclusions. 

Origin of the Limbs of Vertebrates. — ^Professor Gegbnbaur is 
inclined to regard the skeleton of the limbs and limb-girdles of Vertebrata as 
derived from gill-arches and their branchial rays (§ 357). The student is 
reminded that another possible derivation of these organs is from primitively 
continuous lateral fins — supported by cartilaginous rays, and comparable to 
the primitively continuous dorsal median fin. The specialisation and con- 
centration of the lateral fin on each side in two regions, thoracic and pelvic, 
would be competent to give rise to the two pairs of fins, such as we find in 
the Elasmobranchs. Mr, Balfour (‘‘ Development of Elasmobranch Fishes,” 
1878) is led to adopt this view by the observation, that in the embryo dog- 
fish the lateral fins have precisely the same mode of origin as has the 
dorsal median fin, arising as special developments of a continuous ridge 
on each side, precisely like the ridges of epiblast, which form the rudiments 
of the unpaired fins.” This view of the nature of the vertebrate limbs has, 
been independently worked out with great care from the point of view of 
comparative anatomy, by Mr. J. K. Teacher (Median and Paired Fins, 
Transactions Connecticut Academy, vol. iii. 1877). In the important 
memoir just cited, Mr. Teacher shows very plausibly how the Elasmobranch 
fin, and not Only the fin, but the supporting limb-girdle also, may have 



PEETAOE. 


been lierived from the gradual shifting, atrophy, hypertrophy, and con- 
crescence of primitively similar cartilaginous rods, which formed a series on 
each side of the body, identical in character with the primitive median 
dorsal series. According to this view, the ** archipterygium " of Professor 
Gbgbnbaur is not antecedent to, but is derived from the type of fin found 
in Elasmobranchs. (See also on this subject, Huxley, On Ceratodus, Proc. 
ZooL Soc. voL 1876, p. 24.) 

Eolation of the Malleus and Incus to the Mandibular and 
Hyoid Arches. — Investigations directed to the development of the skull 
led Professor Huxley some years since to adopt the conclusion of Ebiohert 
and of Goodsib, that the small bones of the Mammals^ tympanic cavity were 
derived from the upper ends of the anterior visceral arches. At first it 
appeared probable that the malleus and incus were both derived from the 
upper end of the cartilaginous mandibular arch, the lower part forming 
Meekers cartilage. This led to the suggestion that the malleus corresponds 
to the articulare of the lower jaw of other Vertebrata, whilst the incus was 
considered to be the representative of the quadratum, since it articulates 
with the malleus just as the quadratum does "with the articulare (Croonian 
Lecture On the Theory of the Vertebrate SkuU,^' Proc. Eoyal Society, 
voL ix. p. 398). 

Further investigation led Professor Huxley to a modification of his 
views. The embryological evidence is not quite complete, but the relations 
of the parts in question in the developing Frog, in certain Lizards, and in Mam- 
malia, have led him to the conclusion (“Manual of Vertebrate Anatomy,” 
p. 85, 1871) that whilst the malleus is formed from the uppermost extremity 
of the mandibular arch, and therefore represents, not articulare, but quad- 
ratum, the incus is developed from the uppermost extremity of the second or 
hyoid arch, and corresponds to the hyomandibular of fishes. The stapes is 
also developed from the upper portion of the hyoid arch, just below the 
incus. The incus may therefore be spoken of as the supra-stapedial portion 
of the hyoid arch, and in certain Vertebrata it exists as a mere cartilaginous 
supra-stapedial rudiment. 

These views in their later form have not been adopted by Professor 
Gbgbnbaur. He observes (§ 402) that the homologies of the ossicula 
auditfis of the various classes of Vertebrata have not yet been satisfactorily 
determined. In § 352 he maintains the earlier determination of the homo- 
logy of the mammalian malleus with the articulare of other Vertebrates. 
Concerning the homologies of the incus and the stapes, he considers it 
advisable, in the present state of knowledge, to make no statement. 

The student is advised of these diflferences of interpretation of structural 
fact, in order that he may the more ceu’efuUy make himself acquainted from 
original sources with the details of development, relation to nerves, and other 
features of the parts under discussion. 

Nomenclature of the Lobes of the Brain in Fishes. — ^In the 
earlier editions of the present work, Professor Gboenbaub, led by the result 
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of investigations carried out by his pupil Mikluoho-Maclay Vergleich. 
Keurologie der Wirbelthiere,” 1870), modified the current nomenclature of the 
lobes of the Fish’s brain, so that the large bispherical part, which was usually 
considered as the mesencephalon in tiie Teleostei and Selachii, was assigned 
to the thalamencephalon— or second of the five cerebral segments — ^whilst 
the unpaired large projecting lobe, usually considered as the metencephalon 
(cerebellum, fourth segment), was identified with the mesencephalon of higher 
Vertebrates, and the cerebellum was considered as being represented by a 
small transverse plate, often overlapped by the folded mesencephalon, and 
usually of no larger size than the piece similarly identified in the frog. In 
the present edition Professor Gbgbnbaur has modified this system of nomen- 
clature, and has returned to the older and usually accepted method of 
naming the parts of the Fish’s brain. Thus in Fig. 281, d marks the two 
spherical masses which were in former editions assigned to thalamencephalon, 
and are now, as is usual with other anatomists, designated mesencephalon, 
the expansion between them and g being the reduced area of the thalamen- 
cephalon. The letter h is now referred to as metencephalon (cerebellum) : 
this was previously referred to as mesencephalon ; the myelencephalon 
prosencephalon, and rhinencephala retain their names, which had not been 
affected by Maclay’s system. 

Whilst Professor Gbgbnbaub has returned to the usual system of naming 
these parts, he still considers that the facts on which Maclay’s nomenclature 
was based possibly point to homologies other than those indicated by the 
names ; so that the Fish’s cerebellum does not necessarily agree with that of 
higher Vertebrata. He remarks ; The mesencephalon is usually considered 
as being confluent with the thalamencephalon in Selachians ; and a part 
which really represents it, so far at least as relations of position are con- 
cerned, is customarily called by the name ‘cerebellum.’ ” 

In translating the German terms, Vorderhim, Zwischenhim, Mittelhirn, 
Hinterhirn, and Nachirn, I have adopted Professor Huxlby’s equivalents, 
namely Prosencephalon, Thalamencephalon, Mesencephalon, Metencephalon, 
and Myelencephalon. In the edition of Quain and Shakpby’s Anatomy, 
published in 1867, a similar but not identical series of terms was suggested. 
For the “primitivenHimschlitz,” — the early strongly-marked sinking in of the 
cerebral roof which separates the prosencephalon from the thalamencephalon 
— we have no special term in use ; “ primitive cerebral cleft ” is the transla- 
tion which has been adopted. 

It is worth while pointing out to the student, in connection with this 
subject, and in fact in relation to the whole of the chapter on the Vertebrata, 
that Professor Gbgbnbaub assumes some small amount of familiarity on the 
part of the reader with descriptive human anatomy ; reference to a manual 
treating of this subject, on the part of the student who has not previously 
mastered it, is indispensable. 

nomenclature of the Parts of the Digestive Tract. — The transla- 
tion in the present work of the simple word “Darm,” and its compounds 





mm$m, Sintedantt, Kopfdarm, las cau^ me «ome 
It Juui been varionaly Tendered in the translation by^^^gut, 
^^witeric tube,” ** alimentary canal,” ^'digestive tract.” ^ The 
bet is !hat> whilst we have no definite nomenclature at present in use 
in which recognises the true morphology of the canal wluch coni- 

mences with the mouth and ends with the anus, the nomenclature in use in 
Germany is of very doubtful advantage, since it has not a sound morpho- 
logical basis, but is altogether superficial. Darm,” for which our readiest 
equivalent is “ gut,” is used indifferently for the whole or for any part of 
the physiological entity which reaches from oral to anal aperture. Hut the 
English word ^^gut ” is associated rather with the hinder than with the fore- 
most portion of this tract. It will probably be found most convenient to 
speak of the physiological whole as the alimentary canal,” or ''digestive 
tube and these terms I have endeavoured consistently to make use of in 
this sense, though sometimes the term "enteric tube” has been similarly 
applied. 

The division of this tube or canal into pharynx, oesophagus, stomach, 
and intestine ; or, again, into fore-gut, mid-gut, and hind-gut (Vorderdarm, 
Mitteldarm, Hinterdarm, p. 48), is one based upon superficial adaptations 
of form, and does not admit of a comparison of the parts so designated in 
the various phyla of the Animal Kingdom. The pharynx and the oeso- 
phagus of the Vertebrata are developed from the endoderm of the embryo ; 
the parts which receive the same names in the MoUusca and the Arthropoda 
are developed from the ectoderm. The hind-gut of the Vertebrate is endo- 
dormal in origin, ectodermal in the Arthropod, and partly endodermal 
partly ectodermal in the Mollusca. In fact there is no attempt to recog- 
nise the facts of embryology in the terminology applied to the alimentary 
canal 

Under these circumstances I have proposed (Quarterly Joum. Miciosc, 
Science, April, 1876, and "Kotes on Embry ology and Classification,” London, 
1877, p. 11), to distinguish tho primitive digestive space which develops 
from the endoderm (in fact tho gastrula-stomach) as tho "enteron.” 
The anterior passage leading into this from the mouth, and formed by 
an ingrowth of ectoderm, I have termed the " stomodaeum,” and tho 
corresponding passage leading from the anus I similarly propose to call 
the "prootodseum.” These three primary factors of the alimentary tract 
are most equally developed in the Arthropoda and some MoUusca. In 
Vertebrata the stomodseum is exceedingly small, if indeed its true homo- 
logue exists at all (excepting in the Tunicata). The proctodaeum is also in 
them evanescent. The middle portion of the alimentary tract formed from 
the primitive enteron (archenteron), which does not entirely coincide with that 
part to which the term " Mitteldarm ” is applied, does not in all the various 
animal phyla take up the whole of the primitive enteron. This, in fact, 
only occurs in some of the Coelenterata, which may therefore he said to 
possess in the adult condition an archenteron. In other groups the 
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Btimctoredp ao tihat wi^t is left of it as l&e eesissd elem^ oi tiie aUmentai^ 
canal is a changed and broken-up enteito, which may be called ^^n^tenteron” 
as opposed to the unchanged archenteron.” 

It is to these three morphological factors then^ the metenteron, the 
stomod^um, and the proctodeeum, that we are called upon to assign the 
various adaptational swellings^ constrictions^ and outgrowths of the alimen- 
tary tract of higher animals. 

These distinctions are not recognised in Professor Gbgbnbaur^s work. 
It will be sufficient here to point out that the exact limit of stomodaeum 
and of proctodaeum in any particular case, can only be ascertained by 
direct observation of the process of development. The metenteron is that 
part of the alimentary canal with which the most important digestive 
glands are connected, such as the liver, and from its walls they are 
formed as outgrowths. The stomodmum gives rise to salivary glands, 
and usually to masticatory sacs (gizzards), but these latter may form also 
in the metenteron. 

The proctoda3um forms the cloacal chamber, where such exists, and 
always receives the openings of glands (such as the Malpighian filaments of 
insects) which are excretory rather than accessory to digestion. 

These explanations will be sufficient to make clear to the reader the 
sense in which the words “ enteron ** and enteric ” have occasionally been 
employed in the translation. 

Classification. — At the present day, naturalists have learnt to recog- 
nise in their efforts after what was vaguely called the natural** system 
of classification, an unconscious attempt to construct the pedigree of the 
animal world. The attempt has now become a conscious one, Necessarily 
classifications which aim at exhibiting the pedigree, vary from year to year 
with the increase in our knowledge. They also vary according to the 
importance attached by their authors to one or another class of facts as 
demonstrating blood-relationships. Probably no two zoologists of the 
present day would agree, witliin wide limits, as to the classification which 
comes nearest to expressing the pedigree. Accordingly it is by no means 
desirable that students should be taught to accept any one scheme of clas- 
sification as finite. They should be taught to look upon these schemes as 
the condensed expression of an author’s views — as the epitome of his 
teaching, facilitating the recollection and the comparison of conflicting 
solutions of the vast series of unsolved problems of morphology. 

I propose here, for the convenience of the student, to place side by side 
the general outlines of the schemes of classification adopted by Professor 
Huxley in 1869 (No. I.), that adopted by Professor Gbgbnbaur in the 
present volume (No. II.), and that which I have made use of in my lectures 
during the past year (No. IIL). 

I have taken the older classification adopted by Professor Huxley rather 
than that more recently put forward by him, because it is one with which 
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PHYLA. 

Protozoa. K 1 

(BMopoda, Gregannijia, 

A Eadiolanar Spongida.) 
Infusoria. 

Protozoa.* 

CCBLENTERATA. 

CCELENTBRATA. 

* 

(Hydrozoa, Aolinozoa.) 

VBBMB8.t 

AnnuloIda. 

(Soolecida, Edfevaoderma.) 
Annulosa. 

Echinoderma. 

(Crustacea, Araohnida, 

Myriapoda, Insecta, Chw- 
tognatha, Annelida.) 

Bbachiopoda.J 

MolluscoIda. 

(Polyzoa, Brachiopoda, 

Tnnioata.) 

Abthropoda. 

Mollusoa. 

(Lamellibranchiata, Bran- 

Molluscs. 

ohiogastropoda, Pulmo- 

gastropoda, Pteropoda, 

Cephalopo^.) 

Tunicata.§ 

Vebtebbaia. 

(Pisces, Amphibia, Heptilia, 
Ares, I^mmalia.) 

Vertebrata. 



IIL 

PHYLA 

Protozoa.* * * § 


Fobifera. 

Nematophora, 

♦ # * 
PLATYnELHIA.|| 

Gephyrea.II 
Echinodebma. 
EnTEROPNEUSTA.II 
NeMATOIDEA. II 
Ohjjtognatha.II 

APPENDICUtATA.f 

Mollusca.** 

VERTEBRATA.ft 


Seeing that one of my chief objects in superintending the translation of 
the treatise to which these few pages are introductory, has been to be able 


* Tho Protozoa in Nos. II. and III. include the same organisms as in No. I., 
excepting that the Infusoria are included in that phylum in Nos. II. and III., and that 
the Sponges are excluded, being in No. II. placed under the Ooelenterata, and in 
No. III. forming the phylum Porifera under the “ grade ” Ocelentora, as shown in the 
genealogical tree on the adjacent page. 

t The Vermes of No. II. include all the Annnloida of No. I. excepting the 
Echinoderma, which are raised to the rank of an independent phylum. They also 
include tho Annelida (Ohmtopoda, Hirudinea, and Qephyrea) from amongst the 
Annulosa of No. I. and the Polyzoa from amongst the Molluscoida of the same scries. 

{ The Brachiopoda, raised to the position of a distinct phylum in No. II., aio 
plac^ among the MoUuscolda in No. I. and amongst the MoUusca in No. HI. 

§ The Tunioata, considered as an independent phylum in No. IJ., are found 
amongst the Mollusoolda in No. I. and form a section of the Vertebrata in No. III. 

II The Platyhelmia, Qephyrea, Enteropneusta, Neihatoidea, and Chaetognatha 
form in No. III. a number of independent phyla. Together with the Polyzoa 
(included in No. III. under the Mollusoa), the Botifera, and the Chsetopoda, included 
under the Appendioulata, they constitute the series of phyla which are in No. II. 
massed together as ** Vermes.” 

% The Appendioulata include animals with lateral loohmotire appendages, and 
UBunlly a segmented body. The group is, excepting that it has the addiMon of the 
Botifera, nearly oo-extensive with the Annulosa of No. I. ' 

** The phylum Mollusoa in No. in. includes the Polyzoa and Brachiopoda, 
excluded from it in both No. I. and No. II. 

tt The Vertebrate phylum in No. III. includes the Tunicata, which it will be eoen 
by reference to page 70 are already placed on the Vertebrate stem by Professor 
Gegenbaur, 



to place the work ill the hands of tlM students.^ my^wnelasaeB, 1 
not apologise for adding here further details of the classiftca^ion whidbfit’ 
find it most convenient to adept in teaching. I h|ive alranged th^ chief 
phyla first of all in the form of a genealogical tn^ and s^ndly in ^ 
series exhibiting their subdivisions into classes etc. yjhis clarification is 
of course to a large extent only a modification and adaptation id systems 
already put forward by other naturalists. 
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ORAJ>S JB. CORTTCATA, 

Class 1- Xiipostoina (Giregarin») . 
2. Saotoria. 

8. Ciliata. 

Flagellai^a. 

6. Probosoidea (Nootiluoa) . 

l»OKXFEILA. 

Class 1. CaloispongicB. 

2. Fibrospongise. 

3. MyxospongisB. 

OTJBIATOPHORA. 

Class 1. Hydromeduseo. 

2 . ScypliOTnedusoB. * 

8. Antiiozoa. 

4, Otenopliora. 

BOBrrNOBBRMA 


BRAITOS. 

AMBXJIiAORATA. 


Class 1- Holotlmridoa. 

2. lEjcliixioidea. 

S. Asteroidea. 

BXIAN’OB:. 

TBNTAOUI-ATA. 


Class 1. Crinoidea. 

2. Blastoidea. 

3. Cystidea. 

XiATYHBlXiMTA, 


bbaitch:. 

CHilATA. 


Class X. Planarice. 

2. l^eznertiiia. 

bbakcs. 

STJOTOBIA. 

Class 1- Trematoidea. 

2* Cestoidea. 

8- Himdiaea- 

OBPS:7H.KA. 

OlskSB 1. Scliiiiridse. 

2. Pxriapalidas. 

8. BipTmoalidte. 

4* Plioroiiidsa. 



ySBTBBBATA. 

BBAKOB* UftOCfiOBBA (TinsaOAtA). 

Class 1. Lanralia. 

2. Saooata. 

BBANCH. OSPHALOCBOBBA. 

Glass. Leptooardia. 

BRANCH. ORANIATA. 

GRADE A, CYCL08T0MA, 

Glass. Cyclostoma. 

GRADE B. GNATUOSTOMA, 

Grade a. Heterodactyla hranchiatu. 

Glass 1. Pisces. 

2. Dipnoi. 

Grade /3. Pmtadactyla Irdnchiata. 

Class. Amphibia. 

Grade y, Fentadactyla liDohranchia, 

Class 1. Reptilia. ) Branch. Monocondyla. 

2. Aves. ) 

3. Mammalia. = Branch. Amphicondyla. 


APPBNDICULATA. 

BRANCH. CHAITOPOBA. 

Class 1. Oligochmta. 

Class 2* Polycheeta. 

BBANCH. ROTIFBRA. 

Class. (Orders only*) 

branch. GNATHOPODA (ARTHROPOBA). 

GRADE A, UALACOPODA. 

Class* Poripatidea. 

graded, CONDYLOPODA. 

Class 1. Crustacea. 

2. Hexapoda. 

8. Myriapoda. 

4. Arachnida.* 

^ t'ollowing Prof. Ed. Van Beneden, 1 include tjimnlns, tke ^urypierina, 
tTrilobites under the Arhchnida as Brcmohiopolmonata. 



OBMBJB, SCSISOQLOBBA, 

Class 1. Gastropoda, « 

2. Oephalopoda.t 
8. Scaphopoda. 

BBANGH. UPOOEPHALA. 

Class 1. Tentaculibranoliia (Polyzoa). 

2. Spirobranohia (Brachiopoda). 

8. Lamellibranobia. 

The phyla Enteropneiista, Chaetognatha, and Nematoidea, containing 
respectively the genus Balanoglossus, the genus Sagitta, and the various 
families of thread-worms, do not admit of subdivision into classes or orders, 

* IncladoB the Chitons as a separate archaic grade Amphomcea,” the remaining 
Gastropoda, all of which are asymmetrical, being placed in a higher grade as 
“ Cochlides.” 

t Inolndos Siphonopoda (Cuttles and Nautilus) and Pteropoda. 


E. HAY LAA^KESTEK, 

Exeter College, Oxford, 

Sejptember, 1878. 
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Page 79, six lines from top, for ‘‘finer” read “firmer.” 

„ 87, three lines from top, for “generation” read “gemmation.” 

„ 88, two lines from top, for “spiral ” read “special” 

„ 88, in the explanation of Fig. 30, for “ broad ” read “ brood." 




Introduction. 


The Scope of Comparative Anatomy. 


The department of science which has organic nature for the object 
of its investigations, breaks up into two great divisions, Botany and 
Zoology, corresponding to the two kingdoms of organised nature. 
The two disciplines together form the science of living nature — 
Biology. They are closely connected with one another, in so far as 
the ph80nomena seen in both the animal and vegetable kingdoms 
rest on the same fundamental laws, and in so far as, notwithstand- 
ing the differences of their special arrangements, animals and plants 
have common beginnings, and are, in the economy of nature, closely 
interdependent. 

In both of these disciplines several kinds of investigation are 
possible, and from these new disciplines arise. Putting aside the 
realm of Botany, let us follow out that of Zoology into its further 
subdivisions. The investigation of the functions of the animal 
body, or of its parts, the reduction of these functions to elementary 
processes, and the explanation of them by general laws, is the busi- 
ness of Physiology. The investigation of the material substratum 
of those functions, and accordingly of the phaonomena of form of 
the body and its parts, as well as the explanation of the phenomena 
of form by reference to function, is the business of Morphology. 
Physiology and Morphology have thus different duties, and their 
methods also are different ; but for each it is necessary, although in 
different ways, to keep in view the other, as well as the common 
aim, which is indicated in the term Biology. 

Morphology again is divided into Anatomy and Embryology ; 
while the former has for the object of its investigations the adult 
organism, the latter has the growing organism as the object of its 
study. 

B 
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COMPARATIVE AN^ATOMT. 


Anatomy may be divided into general and special Anatomy. 
General Anatomy has to do with the fundamental forms of animal 
organisms (Promorphology)^ and the morphological phenomena 
which arise from them. Special Anatomy takes for its object the 
organological composition of the animal body. Histology, or 
microscopic Anatomy, forms one of its branches, being the study 
of the elementary organs of the animal body. Embryology 
explains, by tracing their gradual development, the complications 
of the external and internal organisation, and, in fact, deduces 
them from simpler conditions. The changes in organisation can be 
followed out in the embryonic life of the individual, and also in the 
continuous series, of organisms. The discipline ordinarily known 
as Embryology deals with the former; and as Ontogeny (or the 
development of the individual) is contrasted with Phylogeny (or 
the development of the phylum). As the latter includes the earlier 
and no longer existent conditions of animals, it also embraces 
PalsBozoology. It is the history of the development of the series 
of organisms in their geological succession. 

§ 2 . 

Since Anatomy has for its object the composition of organisms, 
it may be considered as the doctrine of structure, and is divided, 
according to the different points of view from which structure 
itself may be regarded, into several divisions. When the com- 
position of the body itself, its forms, and the relations of the separate 
organs are taken as its scope, it is known as descriptive Anatomy, 
for it describes the objects examined, without drawing any further 
conclusions from them. Anatomical fact is the aim of the investiga- 
tion, and empiricism satisfies this aim. Owing to its relations to 
medicine, and so to practical requirements, the descriptive Anatomy 
of the human organism, so far as it is restricted to a special series 
of facts, has become developed into a special branch, which, as 
Anthropotomy, is put side by side with the similarly descriptive 
Zootomy. The two differ only in their subject-matter, and not in 
their treatment of it, for both are analytical. In proportion as 
either abstains from drawing conclusions from its series of facts, 
and giving these the value of abstractions, is it wanting in the 
character of a science ; for a science is constituted neither by an 
extensive range of observations, nor by the complication of the 
methods by means of which, such observations are made. A critical 
appreciation of the scientific import of any branch of study has, 
therefore, little to do with the mechanical apparatus of investiga- 
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tion, whioli has its value only in facilitating the discovery or demon- 
stration of facts. 

Anatomy assumes a very different character so soon as the 
knowledge of facts is only its means, and its aim the conclusions 
which can be drawn from an assemblage of such facts ; the facts of 
individual phaenomena being regarded not by themselves exclusively, 
but being brought into relation with one another. This happens 
when what is alike in the organisation of different organisms is 
made the object of search, and when the facts thus acquired are 
compared. Anatomy thus arrives at scientific results, and shapes 
the* results of inductive inquiry into deductive conclusions. Thus it 
becomes Comparative Anatomy. Its method is synthetical. The 
analyses of Descriptive Anatomy (Anthropotomy as well as Zootomy) 
provide the basis for it ; they are consequently not only not excluded 
from Comparative Anatomy, but are most closely embraced and 
logically permeated by it. The more careful the sifting of facts, 
the surer the basis of comparison. Empiricism is thus the first 
requisite, and ^abstraction is the second. Abstraction has no basis 
without pre-existing empiricism; and empiricism by itself is, from 
the scientific point of view, a mere stepping-stone to real knowledge. 

§ 8 . 

The task of Comparative Anatomy is the morphological ex- 
planation of the phsenomena of form met with in the organisation of 
the animal body. Comparison is the method which serves for the 
performance of this task. It shows the way which scientific investi- 
gation has to go, and which it is necessary to know in order to avoid 
disjointed and fruitless labour. The comparative method seeks 
to test, in series of organisms, the morphological results of the 
observation of the organs of the body, places together similar 
characters, and separates the dissimilar from them. Thus it takes 
into consideration everything which can in any way be looked at 
as the result of anatomical observation: relation to other parts of 
the body, form, number, extent, structure, and texture. It thus 
collects series of stages for the several organs, in which the extremes 
may be so far different from one another as not to be recognised, 
but which are united to one another by numerous intermediate steps. 

It is clear, in the first place, from the existence of various forms/ 
of one and the same organ, that the physiological value, of an organ! 
in different stages is not by any meaijs the same, but that an organ, 
as its anatomical characters are modified, may come to have very 
different functions. The exclusive consideration of their physio- 
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logical duties may thus bring organs wbioh are morphologically 
connected into very different categories. Thence results the sub- 
ordinate importance which we must assign to the physiological 
duties of an organ when we are engaged in an investigation in 
Comparative Anatomy. Physiological value is only to be regarded 
at all, and then in the second place only, when we are trying to 
make out the relations to the entire organism of those modifica- 
tions which an organ may have undergone as compared with some 
other condition of the organ. 

By this examination of anatomical facts, by means of com- 
parison, Comparative Anatomy demonstrates the connection of entire 
series of organs. Within these series we find changes of the 
most varied range, sometimes slightly, sometimes widely extended ; 
modifications which affect the size, number, form, and even the 
texture, of the parts of an organ, and which may even lead to 
changes in its situation. The review of such a series teaches us 
then to recognise a progress presented in those several successive 
stages, which the modifications of one and the same organ in different 
animals exhibit to us. 


§ 4 . 

We ascribe the existence of a certain amount of similarity in 
the organisation of certain larger or smaller divisions of the animal 
kingdom to Transmission — a phaenomenon which is exhibited in 
the passing on of its organisation by a given organism to its posterity. 
The descendants repeat the organisation of the parental organisms. 
This is an indubitable fact. Nevertheless now and again objections 
are raised either to the existence of Transmission or to its signifi- 
cance. The similarity of the organisation of the descendants and 
their ancestors is then ascribed, not to Transmission, but to certain 
physical forces acting during embryonic life. In reply, we may 
ask, how does it happen that in ancestor and descendant these 
forces are the same — viz. all those forces of tension, of pressure, 
and so on, from which it is sought to deduce the building up of the 
embryo ? If, for example, a joint gets its ontogenetic development 
by the movement of the parts of the skeleton by means of muscular 
activity, a certain arrangement of the muscles is presupposed, and 
a perfectly definite structure of the muscles ; and for these again, 
a perfectly definite number and arrangement of the morphological 
elements which make up a muscle. This being so we must ask, 
whence comes the definite arrangement of these parts ? whence arises 
the similarity of arrangements in the ancestors and the descendants ? 

We find, in fact, that we must give full recognition to the exist- 
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ence of the transmission of properties, and recognise in it a 
phaenomenon of general prevalence, which may indeed present 
modifications of, but never exceptions to, certaiii definite laws. We 
may deduce it from the conditions involved in propagation, and thus 
explain it to a certain degree ; for it is clear that portions of an 
organism, iE they give rise to a new organism, will carry on to it 
the peculiarities which the primitive organism ‘possessed. This is 
clearest in the lower organisms, which are propagated by mere 
division, Bach portion forms at once an organism like the first. 
But from this there extends a continuous series of methods of pro- 
pagation, up to those in which generative products come into 
action, which are quantitatively very different, although in all cases 
derived from the division of the parent organism. 

The new organism in this case also represents in actual sub- 
stance the continuation of the ancestral, and will therefore possess 
qualities which agree with those of the latter. 

The amount of similarity or agreement in the organisation of 
animals is very various. We recognise animals which differ 
from one another by slight points only ; then those which are 
separated by considerable differences ; and again others which, in 
external or internal organisation, present the greatest differences. 
Thus agreement, as well as variation, is found in interminable 
gradations. We call things which are more or less like to one 
another, related ; and in like manner, when organisms exhibit 
likeness, we use that word to denote the reciprocal connection, but 
in this case we give to it its full meaning of blood-relationship. 

We recognise similar organisms as related to one another, 
when we can explain the similarity of the organisation by common 
inheritance. But the degree of this similarity measures the degree 
of relationship which we can deduce from it. Relationship can be 
regarded as close when the differences are slight ; while when the 
differences are great it must be regarded as more distant. We thus 
substitute for the conception of the agreement, or likeness, of the 
organisation, that of relationship, for we regard the agreements 
which obtain in the organisation of a collection of organisms as 
inherited peculiarities. 

The doctrine of the Blood-relationship of Organisms orPhy- 
logeny is based on the law of inheritance. Comparative anatomy 
thus reveals the relations of affinity within^+the various divisions of 
the Animal Kingdom by pointing out what is alike and what unlike. 
[A full account of this most important law of inheritance and 
its phasnomena is to be found in HIceel^s luminous essay on the 
subject (Generelle Morphologic, vol. ii. p. 170).] 
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§ 5 . 

By means of inheritance, characters are passed on to the 
organism, which are afterwards matured in the course of its indi- 
vidual development (Ontogeny). There is no such development in 
the simplest forms, inasmuch as the young, which arise by division of 
the maternal organism, only need increase in size to make them like 
the maternal organism. In this case, development is the same thing 
as growth, which is completely coextensive with it. The farther 
|an organism is from a primitively simple condition, or the greater 
Ithe sum of characters which have been inherited from its ancestors 
and transmitted to their descendants, the less simple is its ontogeny ; 
for during it a part at least of the characters which have been 
inherited from its ancestors are repeated, and are presented by the 
developing body in several successive stages. Ontogeny thus 
.represents, to a certain degree, palaeontological development, ab- 
breviated or epitomised. The stages which are passed through by 
higher organisms in their ontogeny, correspond to stages which 
are maintained in others as the definitive organisation. These 
embryonic stages may accordingly be explained by comparing them 
with the mature stages of lower organisms, since we regard them as 
forms inherited from ancestors belonging to such lower stages. 
Eegarded from this point of view, many of the so-called larval- 
stages, with their provisional organs — so named because they are 
transitory, and limited to the earlier stages of life only — are seen 
[to be forms of great importance, and full of significance. Such 
organs, besides having physiological relations to the organism 
which possesses them, in consequence of which they are preserved 
as practical arrangements, and become heritable, can be recog- 
nised in lower grades of the existing series of animal forms, and 
Ithus reveal the phylogeny of the animal that possesses them. The 
stadium larvatum then, notwithstanding its name, often points 
out with great clearness the blood-relationship of an organism. At 
times these larval organs are not so well explained by transmission 
as by adaptation, and thus the estimation of their true meaning is 
made more diflicult. The significance of these arrangements is more 
obvious in organisms which do not enter immediately into the 
'' struggle for existence ” in the external world, but are developed for 
a certain time within +,the coverings of the ovum, and so are less 
exposed to the moulding influences of the outer world. In these 
cases they are ^^provisional arrangements, and may be with greater 
oertamty regarded as having been transmitted, and consequently as 
repetitions of lower stages. The branchial clefts which appear in 
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the embryos of the higher Vertebrata, but by-and-by disappear, 
are structures of this kind. Eegarded alone they are inexplicable, 
for they neither lead to the formation of gills at any time, nor are 
they converted (with the exception of the anterior) into definitive 
organs of any other kind. Comparison shows us, however, that in a 
large division of lower Vertebrata these branchial clefts are important 
organs of respiration; and as we also know Vertebrata (Amphibia), 
in which the clefts function only for a time as respiratory organs, 
and close up later on, we are able to comprehend the branchial 
clefts of reptiles, birds, and mammals, as arrangements obtained by 
transmission from lower stages, which have lost their primitive 
function, and remain for a short time only — during foetal life. 

§ 6 . 

In the sum of the characters of the organisation, which inherit- 
ance passes on to an organism, we find, in consequence of what has 
been already pointed out, a greater or smaller number of arrange- 
ments, which pass on into the permanent adult stage of the 
organism without Jia.ving any^ recog nisab le fimction in _it. Such 
parts are, as a rule, seen in a more or less atrophied and rudimentary 
condition, which they often do not acquire until the ontogeny has 
run its course. In the early stages of the ontogeny they generally 
agree in completeness with the other arrangements which obtained 
in the ancestral form from which they are derived. These rudi- 
mentary organs commence to atrophy the earlier in proportion as 
they were inherited earlier, in a palaeontological sense ; and, as a rule, 
disappear late when their origin is a relatively late one. The fully- j 
developed form of the rudimentary organs is consequently to be] 
found, in the former case, in widely separated species ; in the latter, 
on the other hand, in species more closely allied. These organs 
are valuable objects, since phylogenetic relations can be very 
generally recognised by their aid. They show, too, how little 
physiological significance ought to be regarded in a morphological 
discussion ; for in most of them a function is not to be made out at 
all, or, if it can be made out, is found to be quite different to the 
primitive one. 

§ 7 . 

Comparative Anatomy forms part of Ontogeny, inasmuch as it 
treats of the phecnomena of the organisation which appear in the 
course of the individual development of the animal ; not only in 
relation to the complete stage of the organism, but in relation also 
to the definitive arrangements of other organisms. Comparative 
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Anatomy explains the phasnomena of Ontogeny. Ontogeny 
by itself does not rise above the level of a descriptive discipline^ and 
in proportion to the exactness of its investigation possesses a value 
as so much objective material. At the same time Ontogeny 
gains scientific importance by its connection with Comparative 
Anatomy. Its facts, which by themselves are incomprehensible, or 
are only teleologically explicable in a metaphysical sense, because 
restricted to the later events in the history of an organisation, 
are, by Comparative Anatomy, put in connection with the known 
phesnomena of other organisms, and are thereby rendered explicable 
phylogenetically. The necessity of an exact knowledge of Compara- 
tive Anatomy for Ontogeny is sufficiently obvious. Just as little 
can the former separate itself from the latter ; since from Ontogeny 
Comparative Anatomy gains an insight into the lower stages of 
organisation. To the same extent, and in the same way as On- 
togeny helps to form the basis of Phylogeny, does it render 
indispensable service to Comparative Anatomy. 

A ^^Comparative Embryology has sometimes been put in 
contrast with Comparative Anatomy ; of course merely as a theo- 
retical division of the scope of study. A comparative^^ Ontogeny 
of this kind must, just as much as every individual ontogeny, 
have regard to the organisation of the fully-developed stage ; and, 
in fact, without Comparative Anatomy it cannot lead to any 
scientific results. 

§ 8 . 

The relations of every organism to the outer world in which it 
lives, from which it obtains material, and to which again it gives it 
up, cause the outer world to have an influence on the organism. 
This influence is practically seen in the changes of the organism, 
which depend further on a Variability which is inherent in it. 

Variability comes under our observation as the capacity for 
adaptation, and in effect operates as a modifying and even metamor- 
phosing agent upon the inherited organisation. 

The organism is altered according to the conditions which in- 
fluence it. The consequent Adaptations are to be regarded as 
gradual, but steadily progressive, changes in the organisation, which 
are striven after during the individual life of the organism, pre- 
served by transmission in a series of generations, and further deve- 
loped by means of natural selection. What has been gained by the 
ancestor becomes the heritage of the descendant. Adaptation and 
Transmission are thus alternately effective, the former representing 
the modifying, the latter the conservative principle. The endless 
variation of the phasnomena of organisation is, We see, consequently 
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due to Adaptation, just as we have seen that similarity is due to 
Transmission. 

§ 9 . 

Adaptation is commenced by a change in the function of organs, soi 
that the physiological relations of organs play the most important I 
part in it, Since adaptation is merely the material expression of! 
this change of function, the modification of the function as much as 
its expression is to be regarded as a gradual process. As a rule, 
therefore. Adaptation can be perceived by its results only in a long 
series of generations, while transmission can be recognised in every 
generation. Although Adaptation as a process cannot be directly 
observed, it is nevertheless possible to infer it with certainty by 
comparison. When, for example, we find a simple structure of the 
stomach in the Carnivorous Mammalia, and, on the other hand, a 
more complicated one in the Herbivora, and especially in those 
which take in large quantities of food, as, for example, the Rumi- 
nantia, we are entitled to consider the complication in the structure 
of these stomachs as a change caused by the food — as an Adaptation 
to the mode of nutrition ; and when, further, the ontogeny of the 
Ruminantia shows us a form of stomach which is simple in the early 
stages of development, and is gradually converted into the more 
complicated condition, ontogeny confirms the supposition we have 
already gained by comparison. In many cases the influence of 
Adaptation on the organisation can be observed also directly ; as, for 
example, in many Amphibia, where the branchim which are de- 
veloped during the larval stage are retained in function for an 
extended period, if the opportunity of escaping from the water does 
not arrive ; and in others, again, where the branchiss undergo 
atrophy, as soon as their aquatic life has been exchanged for one on 
land, although their nearest allies live in the water, and always 
retain the branchiae. In the one case we see development, and in 
the other atrophy, as phaenomena resulting from Adaptation. 

In Adaptation, the closest connection between the function and 
the structure of an organ is thus indicated. Physiological functions 
govern, in a certain sense, structure ; and so far what is morpho- 
logical is subordinated to what is physiological. This dependence 
of the form of an organ on its activity is seen in the most elementary 
way in the ma tter of size. When the function is increased, there is 
an increase in the size of the organ. The muscular system shows 
to what extent increase of activity affects size. Without exercise 
the muscles undergo degeneration, till they completely disappear. 
If they are kept in exercise, and if the demands on them are 
increased, they develop to a considerable size. The amount of 
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development is in the closest connection with the amount of activity. 
But since, when a function ceases or diminishes, atrophy commences, 
we obtain, as a result of the process, rudimentary organs. They 
owe their origin to atrophy. Physiology alone, then, can give us the 
explanation of the origin of these organs ; and thus again we are 
led to observe the great influence which it exerts on the study of 
Morphology. 

§ 10 . 

I Am organ can be so much changed by the gradual modification 
I of its function that it becomes, from the physiological point of view, 
j ja^^w one, and is then placed in quite another physiological category 
* of organs. This fact is of considerable importance, for it helps to 
explain the appearance of new organs, and obviates the difficulty 
raised by the doctrine of evolution — viz. that a new organ cannot at 
once appear with its function completely developed j that it there- 
fore cannot serve the organism in its first stages whilst it is gradually 
appearing ; and that consequently the cause for its development can 
never come into operation. Every organ for which this objection has 
the appearance of justice can be shown to have made its first ap- 
pearance with a significance differing from its later function. Thus, 
for example, the lungs of the Vertebrate did not arise simply as a 
respiratory organ, but had a predecessor among fishes breathing by 
gills, in the swim-bladder, which at first had no relation to respiration. 
Even where the lungs first assume the functions of a respiratory 
organ (Dipnoi, many Amphibia) they are not the sole organ of 
the kind, but share this function with the gdls. The organ is there- 
fore here caught, as it were, in the stage of conversion into a 
respiratory organ, and connects the exclusively respiratory lungs 
with the swim-bladder, which arose as an outgrowth of the enteric 
tube and was adapted to a hydrostatic function. 

The earlier function of an organ which by adaptation is converted 
to new uses is generally a lower one, and less important for the 
organism, in comparison with the new function which is taken on 
so that the org^ thus rises to a higher grade. In other oases the 
value of the primary function is less, because it is shared by other 
similar organs. It is then quantitatively lower, for a share is taken 
by the other similar organs in discharging the total amount of the 
fraction necessary for the full activity of the organism. The 
atrophy of some of the organs which are of equal value raises the 
TOlne of those that remain by causing their higher development. 

To th^e facts, as to their change of functions, the difference in the 
classification of organs, accordingly as we make use of a physio- 
logical or a morphological method, is due. 
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structure of the Animal Body. 


The Organs and the Organism. 

§ 11 . 

In the living body we observe a number of activities of its 
material substratum, by which the series of phssnomena spoken of as 
life are conditioned. Underlying these, there are chemico-physical 
processes, which are accompanied by a continual degradation of the 
material, and consequent metastasis, or change in the arrangement 
of chemical elements. The body nourishes itself by replacing the 
material used up in metastasis hj fresh matter, which is received 
from without; and this it assimilates, or makes like to the substances 
of which it is itself composed. The substances, partly taken in with 
the nutrient matter, partly produced by metastasis, which are of no 
further use in the organism, are passed out. Hence results the 
excretory function. If the quantity of matter assimilated is greater 
than that which is expelled, there is an increase in the size of the 
body: it grows. Thus it fulfils the first condition for the production 
of that material from which a new organism, like to itself, arises : 
and so reproduction is closely connected with nutrition. 

The body is, in the first place, in relation to the exterior by its 
surface ; this puts it in connection with the surrounding medium. 
Changes in the form of the surface of the body result in movements, 
and give rise to locomotion. The surface also is the medium by 
which it perceives the outer world, or has sensations. 

The parts of the body which preside over these processes are the 
instruments by which life is carried on — organs. In virtim of 
their existence the body is an organism, and when we also indmde 
under the term organisms certain bodies in which no organs can 
be individually separated, it is because the virtual existence of 
organs in them is to be assumed from the mere fact that life is 
carried on in them. The term organism is therefore employed 
in this instance, not in an anatomical, but in a physiological sense. 
In the simplest condition of the organism, the vital phsenomena 
take place in the homogeneous substance which forms the body, 
and which is the seat of all these processes equally. The body 
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in tins case represents, potentially, a collection of organs, which 
only appear, in fact, when the different functions are no longer 
performed by every part of the body. The condition which the 
[lower organisms permanently’ exhibit in regard to this matter is 
‘possessed for a short time only by the more complicated. 

Differentiation, 

§ 12 . 

The complication of the organism arises from a process of 
division which transfers to separate parts the physiological acti- 
vities of the primitively homogeneous body. What was previously 
' accomplished by the whole body, is, subsequently to that process, 
carried out by particular portions. The work is then done either by 
a large number of parts, which are distinct from but similar to one 
another, or the separate parts acquire dissimilar shapes, and become 
different from one another. In the first case the division of labour 
is quantitative, in the latter it is qualitative, and the sepai’ation 
of the different parts is in correspondence with a difference in func- 
tion. According to the degree in which the separation or division 
originally set up in the primitively indifferent body is repeated in the 
organs derived from it, further complications arise, which present 
for our observation a step-by-step progression in development. 
Hence there arises a difference in the value of the organs, and it 
becomes necessary to distinguish their higher and lower conditions. 

The distribution of work amongst a number of different organs 
leads to the perfecting of the operations of such organs. Each 
organ is enabled to develop in a definite direction, in correspond- 
ence with the particular function which is undertaken by it. The 
organism thus becomes more highly developed, as well as com- 
plicated. Division of labour leads to a perfecting of the whole 
organism. According as the division of labour involves only a 
few or many organs, a greater or less part of the organism is 
brought under the operation of this perfecting influence. The 
greater the importance, for the whole organism, of the organs 
affected, the more considerable is the perfecting accomplished in 
it through their modification. The functions which attach them- 
selves to definite parts of the body bring about a difference in the 
development of those parts proportionate to their own difference ; and 
thus it is that new parts and new organs arise, which are different 
from those already existing. The division of functions leads to the 
establishment of a difference, that is to a differentiation, of the 
parts. A part of the body which was formerly like the rest, and con- 
sequently not different from it — ^that is was indifferent — passes into 
the condition of being separate, becomes distinguishable, or different 
from the rest. And as this differentiation is connected with the 
division of labour, inasmuch as it is conditioned by it, it may be 
regarded as the product of it. Every physiological function can be 
again divided qualitatively into various sub-functions, by the locali- 
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sation of which fresh organs again arise. Thus the principle of the \ 
division of labour is the cause of very great variation in the organi- ' 
sation, and all morphological phesnomena are more or less closely 
connected with it, and with the differentiation which is due to it. 


First Stage of the Animal Organism. 


The Cell. 


§ 13 . 

Living matter appears in its simplest form as an albuminous sub- 
stance, known as Plasma, or Protoplasm, which, by the aid of our 
present optical instruments, seems to be homogeneous throughout. 
This substance occurs in the form of small lumps, in which condition 
we find the simplest organisms. In those simplest forms, where the 
protoplasm is homogeneous, and in which only a few granules atj 
most are present as heterogeneous elements, there is no limitation of 1 
the lump to the exterior by distinct enveloping structures ; but in | 
organisms of little higher grade we find an envelope produced by a 
chemico-physical change in the most external layer of the proto- 
plasm. Thus the protoplasm, which is endowed with all the 
phasnomena of life, and even of movement, is enclosed by a more or 
less firm envelope, which forbids alterations in form, and is the 
cause of a definite shape being maintained. Such structures may 
be combined to form complex organisms, as is the case in many of 
the lower plants. This kind of form-element, or morphological 
unit, is known as the cyt od^ and is rightly distinguished from another 
more highly-developed form. 

In this higher form there arises in the protoplasm a sharply 
marked-off dense structure, which is called the nucleus. It is the 
product of the first process of differentiation of the protoplasm, which 
no longer alone represents the living substance. In the nucleus a 
small body, the nucleolus, generally appears. The nucleus, unlike the 
protoplasm, is not contractile, or at any rate has not a large share of 
contractility; but it not only takes a part in most of the vital phseno- 
mena of the surrounding protoplasm, but frequently gives evidence 
of being their regulator. Such corpuscles of protoplasm as are pro- 
vided with a nucleus are called cells (fiftllp jaR). These structures, 
like the cytods, may form independent organisms, which are then 
called unicellular.^^ When the cells form a complex by multi- 
plication, we have a multicellular organism. The smallest parts of 
multicellular organisms, no longer separable into constituent pieces 
like to one another, are cells; and are therefore the form-elements 
of these organisms. The same remark applies to the cytods, or the 
simpler condition. While these, however, are rarely present, we find 
cells widely distributed in the Vegetable Kingdom, and as the sole 
form-elements in the Animal Kingdom. 



16 


COMPAEATIVE ANATOMY. 


§ 14 . 

In the indifPerent condition, that is as long as changes in a 
definite direction do not arise, leading to the formation of definite 
new structures, the cells of all animal organisms appear to have 
essentially the same character. In them we distinguish according 
^to what has been remarked above : first, the protoplasm, which 
forms the principal mass of the body of the cell ; and secondly, the 
cell-nucleus, surrounded by, and different from, the protoplasm, than 
which it is usually more dense. The share which this nucleus takes 
in many varied phasnomena of the life of the cell, compels us to 
regard it as by no means a subordinate part of the cell-body. In 
addition to these parts of the cell, some persons recognise (formerly 
everyone did so) a membrane which differs from the protoplasm or 
contents of the cell, and envelopes it : from its presence arose the 
notion of the vesicular form of the cell and its name. 

Although it cannot be denied that in many cells there are 
envelopes differentiated from the protoplasm, yet this condition is 
never found in the earliest life of the cell, but is always the re- 
sult of an advanced change, and of the passage of the cell into a 
differentiated form. 

Automatic movements of the protoplasm of the cell are 
such common manifestations of their life, that they are always 
definitely apparent as a property of all cells which are not highly 
differentiated, that is of cells in which the protoplasm is not meta- 
morphosed. In free cells, and such as are not enveloped by firm 
membranes, this phasnomenon of movement produces locomotion. 
Even in cells that are not free, movement may be observed, consisting 
partly in a change in the form of the surface, partly in a change 
in the position of the granules in the protoplasm. That there are 
also properties resident in protoplasm which we may attribute to 
sensibility of a very low grade results from many experiments 
and observations. 

We may further observe nutrition in the cell. At times, indeed, 
ve can see the protoplasm ingesting food; in all cases the growth 
the cell is an express indication of its nutrition. This phasno- 
nenon of growth, which may be seen in any indifferent cell, is 
sxpressed by the increase in size of the protoplasmic body, owing to 
she assimilation of matter from without. The growth of the cell 
nay be quite regular, increase in size obtaining in all directions, as 
s the case with all cells in their earliest stages ; as long as this 
asts the cell completely retains its spherical form, unless its move- 
nents or external influences modify it. Or growth may be unequal, 
ind the cell become elongated by increase in size along one axis ; 
Dr, again, it may become stellate by growing along several axes, 
jregular increase of this kind is ordinarily accompanied by differen- 
tiation of the cell-substance, and is therefore the commencement of 
jha conversion of the cells into tissue. 
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§ 16 . 

Another plisanomenon — that of reproduction — is a result of, and 
is indissolubly connected with, the growth of the cell ; for multi- 
plication is merely the extension of growth beyond the limits of indi- 
vidual cohesion. There are various modes of ceU-multiplication; 
the simplest of these is a direct result of growth. A bud is formed 
by the cell-body growing out on one side. This gradually increases 
in size, and breaks off from the mother-cell, when it becomes a new 
free cell. The number of young cells which are budded off from 
a single cell is not always the same, also the part taken by the 
nucleus of the mother-cell in the process, varies. This mode of 
multiplication by gemmation passes imperceptibly into the more 
common mode of multiplication by fission. Gemm ation is charac- 
terised by^the difference in size which., obtains at first ^between, 
the cells that are formed and their mother-cell. If they break 
off at once they do not nearly equal it in size ; if they delay their 
separation from the mother-cell they gradually get to equal it, 
and then the products of division are almost or altogether equal to 
one another, so that there is no possibility of distinguishing mother 
from daughter. It is evident that in proportion to the extent to 
which the products of division differ from one another in size, 
does division become more and more like gemmation; the whole ( 
difference therefore between fission and gemmation lies in the ' 
amount of protoplasm which is given over by the parent-cell to the I 
one which arises from it. The difference is a quantitative one 
merely. Division commences by an enlargement of the nucleus ; in 
some cases by a formation of fresh nuclei. 

No form of reproduction other than multiplication by fission oi* 
by gemmation has been certainly observed in the animal-cell; a 
large number of the modes of cell-multiplication, which have been 
stated to obtain, such as the so-called endogenous cell-formation and 
similar processes, are merely forms of fission. As to free or spon- 
taneous cell-formation, so much at least is certain, that it is not as 
common as was once supposed. 

When the nucleus divides and the cell goes on growing without 
the protoplasm becoming marked off into separate portions corre- 
sponding to the nuclei, the structure which is formed cannot be 
any longer regarded as a single cell. But it is not a compound 
of cells either, for this would presuppose the existence of a number 
of separate cells. This condition has therefore been very rightly 
regarded as a special one, and called a Syncytium. Structures 
of this kind are found in nearly all groups of animals. The same 
result is obtained by the Concrescence of a number of separate 
cells, the protoplasm of which runs together into a continuous 
mass, in which there are of course a number of nuclei. 

While the protoplasm in the above-mentioned series of phecno- 
mena undergoes no perceptible changes in constitution, a change 

0 
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in the protoplasm is essential to another kind of phasnomena, to 
which we now pass. The substances contained in the protoplasm 
become separated from it, that is, are secreted from it. This 
process of secretion varies in character; it sometimes occurs within 
the protoplasmic body, and then substances differing in their chemico- 
physical properties from the protoplasm are formed within the cell. 
These substances may be distinguished by their constitution, such as 
fat, colouring matter, and so on; or by form, such as granules, drops, 
crystals. Sometimes secretion affects the surface of the protoplasm ; 
and then the secreted substance may be fluid, in which case it will 
get separated and removed from the protoplasm; or it may be 
solidj in which case it will remain more or less intimately connected 
to the rest of the unaltered protoplasm. Substances which are 
different from the rest of the protoplasm of a cell arise by chemico- 
physical changes of the whole surface, or of a part of it. We 
may regard these changes in the protoplasm as differentiations, 
for they are differentiated from matter which was previously in 
an indifferent condition within the protoplasm. In this way the 
structure which has been already alluded to as the cell-membrane, 
is formed at the periphery of the cell. But this same process leads 
to other arrangements also, which we shall have to examine more 
closely hereafter. 

The series of vital processes exhibited by a single cell essentially 
agrees with those exliibited by any and every other organism, so 
that the cell itself is virtually an organism (Elementary organism). 


Differentiation of the Animal Organism. 

§ 16 . 

The simplest and lowest stage of the animal organism is repre- 
sented by the earliest stage of its development, in which it is 
known as the egg. Except in some exceptional cases, which only 
prove the rule, and which need not be mentioned here, this egg 
is nothing more nor less than a cell. The 
egg-cell does not differ from other cells in 
any essential points; it may increase in 
size, and special particles — ^yolk granules — 
may appear in its protoplasm. Although the 
presence of these latter alters the character 
of egg-cells as indifferent cells, yet it 
does not destroy their character as cells, 
which is just as little affected by this as in 
other cells by the differentiation within their 
bodies of substances, such as chlorophyll 
granules, starch, pigment granules, &c. This 
condition of the egg-cell, which on the whole 
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is a simple one, agrees in cliaraoter, althougli it may be for a time 
only, with many lower unicellular organisms (Protoplasta), 

The egg-cell undergoes changes, which ordinarily commence 
after impregnation, and which are accompanied by changes in the 
nucleus (the so-called germinal vesicle). In its place, and in part 
from the material which formed it, two new nuclei arise, and 



Figs. 2-5. Various stages of the so-oalled cleavage process (Division of the egg) 


the egg-cell now begins to divide. Two cells thus arise, which 
are either like one another, or differ from one another, in 
size or in constitution. In both oases something fresh has arisen 
from the egg-cell, and in both there is a differentiation, for 
two parts have arisen from it. Four, eight, sixteen cells, and 
so on, are formed by continued division, although of course 
not always quite regularly, until at last a number of cells are 
formed. This process of the division of the egg-cell is known as 
the ^^segmentation of the yolk,^^ and is a constant pheenomenon, I 
although it may present various modifications, which are always' 
due to adaptation, and which may be so explained. 

This is the first course of differentiation in the organism ; in 
place of a single cell, a number of cells, similar to, or different from 
one another, arise. The functions of the organism, which were 
all performed previously by the egg-cell, are now performed by 
the separate cells. The division of the egg-cell must therefore be 
considered as leading to a division of its functions, although 
indeed this division is merely a quantitative one. 

The various stages of this process of division have other relations 
also, for they appear to agree in character with the mature stage 
of many lower organisms (Protista), as for example the Volvociness 
and Catallacta, in the development! history of which there is at one 
time an organism composed of a number of equi-formal cells. The . 
animal organism, therefore, even in the commencement of) 
its ontogeny, passes through several morphological stages, ! 
which are permanent among the Protista, and the process 
of segmentation of the ovum may be explained as a sur- 
vival transmitted from early ancestors. Accordingly the 
teleological halo, with which it would necessarily be sur- 
rounded, were we limited to seeking its explanation exclusively 
in connection with the future organism which is to arise from 
this segmentation, is cleared away. The organism does not, how- 
ever, get a specifically animal character from this formation of 
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a number of cells ; that character first makes its appearance m the 
course of further processes of differentiation. 

These processes of differentiation consist in the more or less 
pitniUy morphological elements (cells) which represent the or^sm, 
acquiring, in larger or smaller groups, distinct characters : in them 
being ^erentiated, and forming the rudiments (first stages) of 
organs, by taking a definite order and arrangement. These organs 
thmi are made up of cells, which form their tissues. We thus 
arrive at the essence of the architecture of organisms j we 
tissues, which make up organs, and are themselves composed ot 
form-elements — the cells. 


Origin of the Tissues. 

§ 17 . 

The cell, then, in those organisms which we regard as animals, 
constitutes the whole of the organism only for a time ; that is, so 
long as it is an egg-cell. By division a multitude of cells is formed 
out of the egg-cell, and these form the rudiments of the animal. In 
later stages a part only of the material formed from the ovum 
retains the primitive character of the cells ; the form and substance of 
most of the cells are altered, and therefore their physiological 
properties are altered ; that is, new relations are established. The 
(new cell-com plex:es iQrmed,ironi.,aggrei2:ate8_ of _ similarly altered 
! cells, and their derivatives, are the tissues. The process which ISidi 
' to the formation of these tissues is essentially a differentiation. 
This, again, affords us an example of division of labour, for each 
differentiated aggregate of cells has to perform a definite function 
for the organism, which function was not the duty of a definite set 
of cells when the cells were indifferent, and indeed were performed 
in common with all others by one cell only (the egg-cell), in the 
earliest condition of the individual organism. 

In all cases histological differentiation commences in the proto- 
plasm of the primitive cell ; the nucleus is less strikingly affected, 
but numerous changes may be seen to occur in it. When the chief 
part is played by a substance differentiated from the protoplasm, the 
nucleus becomes of but slight importance. According to the 
characters of their form-elements the tissues are divided into several 
large groups: these I call Epithelial tissues, tissues of the 
Connective Substance, Muscular and Nervous tissue. The 
first two form a lower group, which, as V egetat ive tissues we may 
distinguish from the other two, which are the Animal tissues, 
■The dSference between the two groups lies in the quality of their 
(differentiation; the products of the differentiation of the former 
having a more passive relation to the organism, while the products 
I of the differentiation of the latter exhibit an independent activity in 
the carrying on of the life of the organism. The vegetative group, 
or tissues analogous to them, are, moreover, most widely distributed m 
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the Vegetable Kingdom ; whilst in that kingdom the animal tissues, 
which are the source of the arrangements characteristic of animals, 
are wanting. All other tissues, though often distinguished by name, 
are either not independent tissues at all, but only much more 
complicated structures formed of a variety of tissues, or are forms of 
tissue which should be ranged imder one of the above-mentioned 
categories, or may be merely component parts of the tissues already 
named. We overlook the true conception of what a tissue is if we call 
structures which are made up of several tissues compound tissues.^^ 


A. Vegetative Tissues. 

Epithelium. 

§ 18 . 

Cells placed side by side, and forming one or more layers which 
invest the surface of the body or the walls of internal spaces, are j 
called epithelial. Epithelial tissue, then, consists simply of cells, j 
It is distinguished from other tissues by the fact that the cells, at 
least so far as their arrangement is concerned, retain their primitive 
characters. Epithelium represents phylogenetically, and therefore, 
also, ontogenetically, the oldest form of tissue. The germinal 
layers which are the earliest organological products of the differ- 
entiation of the masses of cells which arise from the segmentation 
of the egg-cell, are layers of epithelial cells. Epithelial cells vary 
greatly in form, and are the starting-point of various 
organs. The protoplasm of epithelial cells very often 
loses its homogeneous character, owing to the differen- 
tiation of its outermost layer into a thickened membrane. 

In stratified epithelium this is best seen in the superficial 
layers, the absence of a membrane in the cells of the 
deeper layers being an indication of their younger con- 
dition. 

/ Another differentiation is the development by the 
superficial layer of cells on the surface exposed to the ex- 
terior, or lining an internal cavity of the body, of fine pro- 
cesses, which are capable of movement ; these processes, 
which vibrate during the life of the cell, are known as 
cilia. The hairs on these ciliated cells are sometimes 
in the form of a single flagellum, or occur in a group 
of many as cilia. In the former case the cell runs out 
into a fine process, and forms a flagellate cell; these 
are most common in the lower animals. Cilia are shown 
to be differentiated products, since their movements are 
not simply effected by the contractility which is abeady 
inherent in the protoplasm. In many of the lower or- 
ganisms cilia are formed for a time and are again drawn in and 
their substance fused with the protoplasm. Tl^ shows that they 
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are differentiatioiis of the protoplasm, and that their movements are 
due to the same cause as the movements of the protoplasm. This 
indication of their identity with protoplasm cannot be seen in the 
more differentiated forms of cilia. 

Another differentiation may be seen on the outer surfaces of 
many epithelial cells. A membrane, instead of being formed by a 
change of the whole periphery of the superficial layer of protoplasm, 
may be formed on a definite portion of it only : in this case it is more 
highly developed, and may lead to a partial thickening of the outer- 
most layer of protoplasm. In short, a layer of varying thickness 
of a substance different from, but as a rule still connected with, 
the protoplasm, forms on the outer face of each cell. Homogeneous 
membranes — cuticles — are formed by the further differentiation of 
the substance thus secreted in a layer from the protoplasm of the cells ; 
that is by the part formed from each cell becoming more intimately 
connected with the layers formed by the cells around it than with 
its own cell. Where these layers are laid down irregularly and 
gradually undergo other changes, by means of which each fresh 
addition can be distinguished from the preceding one, they become 
laminated. The more the substance of which these cuticular struc- 
tures are composed differs from the protoplasm of the cells which 
have deposited it, the more difficult is it to make out any passage of 
the protoplasm into it, and the more distinctly is the formation of 
cuticles seen to be a process of secretion. When the cuticle is not 
formed regularly on the surface of the separate cells, protoplasmic 
processes project from the secreting cell-layer into the secreted layer, 
which are then traversed by corresponding canals (pore- canals) : 
these are ordinarily very fine. These cuticles differ greatly in con- 
sistency, and present every intermediate step between softness and 
extreme hardness. They are often converted into organs of support, 
when they are very firm ; in which case they ordinarily consist 
of a substance known as "chitin.^^ These chitinised cuticles are 
very common in the Invertebrata. 


§ 19 . 

The secreting activity of the colls of large epithelial layers may 
give rise to liquid, or even to gaseous bodies. The epithelia there- 
upon enter into new relations to the economy of the organism; they 
no longer produce substances destined to build up the organism, 
but they present an intermediate step towards that condition of 
epithelial structures in which parts of the epithelium enter into the 
formation of a tissue of definite function — glandular tissue. As 
there is always a direct connection between the aggregation of 
cells which form the secreting organs, or glands, and the epithelium, 
which either persists permanently, as in the majority of glands, or 
which is at any rate present when they are first formed, this 
glandular tissue is seen to be nothing more than a modifi- 
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cation of the epithelial tissue, due to its difiEerentiation. 
Like it, glandular tissue always consists of cells. In the simplest 
stage individual cells in a layer of epithelium become secreting-ceUs, 
and function as gland-cells, by forming and secreting a substance 
such as is not produced by the other cells. In this way uni- 
cellular glands arise. They either retain their 
original position between the other cells of the 
layer or sink beneath the level of the epithelium, 
and open between the other cells by a fine duct 
formed by the membrane of the cell (Pig. 7). 

If the secreting surface be increased without the 
general epithelium taking any share in it, the 
sunken epithelium must increase in size, and so 
give rise to structures which are more or less 
separated off from the epithelium, such as pits, 
sacculi, or cmcal tubes ; and these may be again 
complicated by fresh growths. The tissue lying 
beneath the primitive epithelial layer forms en- 
velopes for these pits as they grow; but it con- 
tinues to have the same relation to them, however 
complicated in form the ramifications and similar 
proliferations of the epithelium may be, as it pre- 
viously had to the simple even layer of epithelium. 

Thus the gland in its simplest form appears 
as a depression of the epithelium into the sub- 
jacent tissue. In the more distinct forms of glands 
there is a further differentiation of the cells which glands”of 

form the gland. The constituent cells of the the ant (after Stein), 
gland become separated into those which secrete 
and so represent true gland-cells, and those which connect the 
secreting portion of the gland with the still indifferent epithelial 
layer. These, in contradistinction to the secreting portion of the 
gland, form the epithelium of the duct. 


Connective Substances. 

§ 20 . 

The pheenomenon which in epithelial tissue leads to the formation 
of homogeneous membranes may, by being extended over the whole 
periphery of every cell as well as by continued repetition, become of 
greater importance. Even in the epithelial tissue we often meet 
with a fine intermediate layer, the cement-substance. As the sub- 
stance which is differentiated from the protoplasm of a number of 
cells gradually increases between the cells containing unaltered 
protoplasm, the cells become separated from one another, and a 
distinction is made between the cells which form and the inter- 
cellular substance which is formed. A number of very different 
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tissues present this common character in their more intimate structure. 
They are called connective substances, as the majority of these 
tissues serve to unite other tissues to organs, or systems of organs. 
The differences in these tissues are due partly to the character 
of their cells, partly to their relations with the intercellular sub- 
stance, and partly to the chemico-physical constitution of the 
intercellular substance; but all these points are not equally well 
marked in every part of them. Whilst this latter circumstance 
allows us to recognise the passage of one of these tissues into the 
others, the fact that such passages do periodically take place under 
our observation, affords a more weighty reason for uniting them 
than the fact that we can detect common characters in their 
j structure, although often hidden by various differences. The 
various tissues which belong to this group are : 1) cellular con- 
nective tissue, 2) gelatinous tissue, 3) fibrous connective tis^sue, 
4) cartilaginous tissue, 5) osseous tissue. 


§ 21 . 


Connective tissue is divi( 
1) Cellular connective iit 





Kg. 8. From the gelatinons Bubstanoe 
of the diflo of Aurelia aurita, treated 
with iodised serum (after M. Sohultze). 
.X 600. a Branched fibres in which no 
cells can be made out. 6 Cells in the 
homogeneous gelatinous substance: the 
prooesses are largely retracted in this 
specimen. 


I into the following varieties : 

6 (vesicular connective tissue) is 
the simplest form. It is formed 
of rounded or elongated cells, 
which are separated by a small 
quantity of intercellular sub- 
stance only. There are often 
vacuolated spaces in the cells, 
which are filled with a fluid. The 
intercellular substance often has 
the form of cell membranes, which 
serve to unite the juxtaposed 
cells to one another, and are 
common to neighbouring cells. 
In other cases again it is more 
largely present, without prepon- 
derating in quantity over the 
cells. The differentiation of the 
protoplasm of the intercellular 
substance varies in degree. This 
tissue is most widely found in 
the Arthropoda and Mollusca. 
In the Vertebrata it forms the 
chorda dorsalis, or notochord, 
2) Gelatinous tissue 
(mucous tissue) is distinguished 
by the soft gelatinous character 
01 the intercellular substance ; 
it is ordinarily hyaline, and in it 
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are placed either rounded and completely separated or filiform and 
branched cells, which are united to one another by their processes. 
Chords or tracts of cells also occur. In this way a fine network is 
formed, which traverses the gelatinous portion of the structure, the 
trabeculsB of which may become firmer by further differentiation, 
and may become broken up into fibrillas. A similar fibrillation may 
affect the intercellular substance, in which case fibrous bands, in 
which there are no cells, can be made out. This tissue is found 
in many of the lower animals; in the umbrella of the Medusas 
(Fig, 8), the integument of the Heteropoda, &c. 

3) Fibrous connective tissue may be regarded as afurther 
development of gelatinous tissue. Its morphological elements are 
elongated or branched cells, embedded in an intercellular substance 
formed of fibrous tracts and bundles. This substance is largely 
due to a differentiation of the walls of the cells, as is clear from 
its development. Development also reveals the fact that part of 
the protoplasm which sends off processes, is directly differentiated 
into fibrils and fibrous bundles ; these are therefore distinct from 
the earlier formed, and more or less homogeneous intercellular 
substance. The thickness of the fibres and the direction they take 
vary greatly. The fibres, which are generally curved and undu- 
lating, sometimes run parallel to one another, sometimes anastomose; 
the cells and the cell-processes are, in their earlier stages, arranged 
in a manner corresponding to the subsequent arrangement of the 
fibres. 

Fibrous connective tissue is distinguished as loose, or firm, 
according to the characters of its intercellular substance; the 
firmer sort is also known as tendinous tissue,^^ the fibrous bands 
of which are placed parallel to one another. In addition to the 
fibrillss, which swell up when treated with acids and alkalies, 
there is another form of fibre, which is seen in the intercellular 
substance of fibrous connective tissue; this resists these agents 
more completely, and is called elastic tissue,^' on account of its 
elasticity. It is, as may be seen from its relation to the inter- 
cellular substance, not an independent form of tissue, but merely 
a modification of connective tissue. 

Inasmuch as a portion of the intercellular substance arises by 
subsequent differentiation of the protoplasm of the original cells, 
as was remarked above, the morphological elements which are 
present in fully-developed connective tissue represent the remains 
only of the primitive cells. According to the quantity of pro- 
toplasm used, and converted into fibrous structures, and so in- 
corporated into the intercellular substance, the nucleus of the 
connective-tissue cells is surrounded by more or by less protoplasm, 
or the whole protoplasm disappears ; the presence of isolated nuclei 
in the fibrous bands of connective tissue is an indication of this. 
Where the protoplasm still remains around its nucleus — where, 
that is to say, a cell, according to the conception given above, is 
present, this cell may undergo fresh changes, which are of so many 
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Idmds that connectiYe tissue is richer than any other in the various 
phssnomena of dijSerentiation. 


§ 22 . 

4) Cartilaginous tissue is characterised by ceUs lying in a 
firmer intercellular substance. Its cells do not, except in a few cases, 
possess distinct processes, or processes which can be easily made 
out ; but are very nearly circular in form, or else oval or fusi- 
form. The amount of intercellular substance varies in amount. 
It is distinguished from those forms of connective tissue which are 
formed of simple cells placed in a homogeneous intercellular sub- 
stance, by its greater rigidity. Cartilaginous tissue is well adapted by 
the possession of this character to function as an organ of support. 
When the cells predominate, and there is but little intercellular 
substance, and when what there is is in the form of fine membranes, 
cartilage is seen to be directly allied to vesicular connective tissue. 
The protoplasm of these cells often takes on a definite arrangement, 
and forms bands which extend from the nucleus to the periphery, 
and unite together there. They are separated from one another by 
spaces which contain fluid (Fig. 9). In proportion as its intercellular 
substance is diminished, does this tissue differ more and more from 

ordinary cartilaginous tissue. In the 
protoplasm of cells of this kind, which 
are found forming a sort of skeleton 
in the Medusse, the phaenomenon of 
streaming of the protoplasm may be 
seen. 

If the intercellular substance in- 
Fig. 9. Cartilage oelle from the peases, it either remains homogeneous 
tentacle of a Medusa (Ounina). (hyaline cartilage), or it undergoes 

further differentiations like those of 
connective tissue ; but these differentiations do not much affect its 
relations to its cells. When the intercellular substance breaks up 
into fibres, we get fibrous cartilage; when elastic nets appear 
in it we get elastic cartilage. By gradual changes of the inter- 
cellular substance, as well as of the cells, cartilaginous tissue passes 
into fibrous connective tissue, and thus indicates its close connection 
with that form of tissue. The cells also become more specially modified 
in some cases by being elongated or producing radiating processes, 
which unite with those near them ; as, for example, in many Selachii, 
or more developed stiU in many Cephalopoda. The intercellular 
substance then appears to be traversed by the processes from the 
cells (Fig. 10). The phenomenon, which in the cases just cited is 
greatly exaggerated, obtains also in ordinary hyaline cartilage, 
where the cells are apparently sharply marked off from one another ; 
for the intercellular substance may be seen to be traversed by 
processes, although these are, of course, extremely fine. 

The intercellular substance of cartilaginous tissue is always 
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distinct from the protoplasm of the cartilage cells which lie in its 
cavities ; but as it is difEerentiated from the protoplasm, it must, 
nevertheless, be regarded as a secreted product of the protoplasm — 
a layer secreted by a cell : often an intercellular substance may be 
seen in hyaline cartilage surrounding the cell like a capsule. This 
was formerly regarded as a ceU- 
membrane belonging to the cell. 

As these capsules can often 
be shown to enclose groups of 
cells consisting of several gene- 
rations, which have resulted 
from the fission of a single 
cell, the enclosed cells were 
looked upon as mother and 
daughter cells, &c., and the 
phsenomenonitself was regarded 
as a case of endogenous cell- 
formation. As a fact, these 
capsular systems are merely 
the expression of secretions, 
not become homogeneous, and 
formed by several generations 
of cells which arose from one 
another. The perfectly gradual 
passage of cartilaginous tissue 
in which such capsules may be 
seen, into tissues where the intercellular substances is completely 
homogeneous, shows that we have here to do with different stages 
in the differentiation of one and the same secreted substance, which 
has arisen in the former case by an interrupted, and in the latter 
case by a regular, secreting activity of the cells. In virtue of the 
anastomoses of the processes of cartilage-cells, cartilaginous tissue 
comes very close to the next form of tissue, and it is only distin- 
guished from it by the characters of its intercellular substance. 



Fig. 10. Cartilage from a Oephalopod. 
a Simple, h Dividing cells, c Canaliouli. 
d An empty cartilage capsule with its 
pores, e Transverse section of canaliouli 
(after M. Furbringer). 


§ 23. 

5) Osseous tissue. This, the firmest form of the connective 
substances, consists of an organic intercellular substance combined 
with lime-salts, in which there are cells with fine anastomosing 
processes; or it presents a ground-substance like that just men- 
tioned, in which, however, there are no cells, but only cell-processes. 
These processes traverse it as fine canaliouli. There are therefore 
two structural phases of osseous tissue to be distinguished. 
Cells enter into the composition of the one, but in the other they 
simply send out fine processes into the pore-canals of its solid 
ground-substance. 

The tissue containing bone-cells is the most common; it is 
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fimna in the skeletal o^ns of all classes of the Ve^brata ; whilst 
fhat fona. of osseoos tissae with oanaliooli only is found in the 
skdeton of many fishes^ and as a general mle in the dental organs 
of all Vertebrata (dentine). 

' The derdopment of osseous tissue explams the relations of the 

intercellnlar snbstanoe to 



%. 11. Transverse section of the femnr of 

0 Osteoblast layer, o'' Cells becoming 

bone-ceUs. o'" A bone-ceU. p Periosteum. 
m Medullary cavity. 


the cells. That form of it 
which contains cells xnay 
arise in two ways : either 
by the ossification of con- 
nective tissue, the cells in 
which become converted 
into bone-ceUs by the ossi- 
fication of the intercellular 
substance, which becomes 
impregnated with calca- 
reous salts, while the cells 
themselves become con- 
nected with one another 
by their processes, which 
traverse the pore-canals in 
the intercellular substance; 
or the same tissue is formed 
by apparently indifferent 
cells, which secrete a scle- 


rogenous substance. This 
substance is laid down in stratified lamellae, into which the secreting 


cells send fine protoplasmic processes (Fig. 11, 6 ). The secretion 
of this substance is preceded by a change of pari of the protoplasm 
of the cell. As soon as this is differentiated it does not belong 


any longer to the cell, and is therefore secreted from it. If some 
of the secreting cells (oV) cease to be active, while the cells near 
them do not cease to be so, the former gradually get to lie in a 
layer of intercellular substance, which finally surrounds them, and 
so converts them into bone-cells (o'"). The cells of the secreting 
layer (osteoblasts) are continuously connected by fine processes with 
those which are already enclosed (bone-cells). Thus each of the 
former is rendered capable of becoming a bone-cell. 

The other form of osseous tissue is developed in a perfectly 
analogous manner, so far as its history is accurately known, through 
the development of dentine. In this case also a layer of cells 
secretes a substance, which hardens or is sclerogenous, and into this 
the cells at the same time send processes, which traverse pore- 
canals. But the cells (odontoblasts), instead of gradually sinking 
into this extra-cellular substance, always remain outside it, and are 
connected with it by their processes only. The secreting substance 
is thus traversed by fine parallel canaliculi (the dentinal canals, 
so-called, since they were first made out in the dentine). This form of 
osseous tissue, notwithstanding its different appearance in later stages, 
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is very closely allied to the f omer kind^ for its interoelliilar substance 
also is secreted from cells — arises^ that is^ by the differentiation of a 
part of the protoplasm. The connection is still closer i£ we regard 
the earliest stage in the process. In both cases a homogeneous sub- 
stance is secreted^ which is hardened by calcareous compounds^ and 
into this the cells, which form it, send their processes. If this 
process goes on in the same way as it began, so that a complete cell 
never passes into the secreted layers, it leads to the formation of 
that form of osseous tissue which is traversed by fine pore-canaliculi 
only, arranged for the most part in parallel lines. H some of the 
secreting cells gradually pass into the secreted substance, that 
substance becomes an intercellular substance containing bone-cells. 


Morphological Elements of the Nutrient Eluid. 

§ 24. 

The cells, which are suspended in the nutrient fluid of the 
body, and which are its form-elements, are closely connected in 
origin with the connective tissue. If it is allowable to regard this 
fluid as an intercellular substance, then the whole of the nutrient 
fluid might be compared to a tissue, which would not differ from 
the other tissues of the connective series in any essential point 
other than its fluid condition. Even if we admit it to possess 
another function in consequence of this fluid condition, yet this 
function must be held as falling well within the category of vege- 
tative functions. Apart from the importance of these considerations, 
the form-elements in question must be enumerated in the present 
place, for they take their earliest origin from the tissue which 
forms the walls for the vessels of the nutrient fluid. As far as its 
characters are known, a portion of the cells which form the mesoderm 
during the processes of division do not become connected with the 
rest, but remain isolated in the fluid which fills these canals or 
spaces, which fluid is known as hlood. These form-elements then 
are the blood-cells. In the Invertebrata they appear, as a rule, in 
the form of completely indifferent cells, 
consisting of a nucleus (Fig. 12, n) and 
protoplasm, which latter exhibits amoeboid 
movements. Among the Vertebrata these 
morphological elements persist as lymph- 
cells in the Oraniata, while in the blood- 
fluid proper there are elements which are 
derived from these forms, but are much 
altered. These latter have lost their amoe- 
boid character during differentiation, and 
have the form of rounded or ovd discs, 
the nucleus of which disappears in the Ma 
in the rest of the Vertebrata. 



Fig. 12. Blood oorpasoloB 
of a CroBtaoean (ICaja 
Squinado) with 
mio procoBBOB. 1 1 . 
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R The Animal Tissues. 

§ 25. 

In the epithelial^ as well as in connective tissues, the product 
of the differentiation of the protoplasm gives rise to phsenomena 
which are limited to the sphere of vegetative operations. When 
a more highly contractile substance arises as a product of the 
division of the protoplasm, a new tissue is formed, which is known 
as contractile or muscular tissue. Its contractility, however, is 
not automatic, but dependent on stimuli, which come from the form- 
elements of the nervous system. The contractile form-elements 
of the muscular tissue differ therefore essentially from the 
indifferent cell formed of protoplasm, although the latter also 
is contractile. They presuppose the existence of another, 
or nervous tissue, just as it on the other hand determines 
the existence of the muscular tissue. These intimate re- 
lations explain the causal relationship which these two tissues have 
to one another phylogenetically. The two kinds of elements are 
differentiated from a single neuro-muscular cell, which is in 
many Ccelenterata the representative of the two tissues. (Fig. 13.) 
This kind of cell corresponds to an indifferent stage of the animal 

tissues, in which they have not yet be- 
come distinct tissues. The tissue which 
forms the starting-point of the differ- 
entiation is not a new structure. It is 
the outermost layer of the body, and 
consists of cells, which form an epithe- 
lium. The neuro-muscular tissue 
is therefore a differentiation from the 
epithelial tissue, and is thus connected 
with a more simple condition. Cells 
which are hardly at all different from other epithelial cells give 
off a band-like process at their base, which becomes connected to 
a layer of longitudinal fibres underlying the epithelium. While 
the epithelial cells of the outer layer of the body unite, when in 
their indifferent condition, a low grade of sensibility with a low 
grade of contractility, the sensibility, when the cells become more 
highly specialised, remains with them, and the contractility becomes 
assigned to a differentiated process of the protoplasm, which now 
appears as a distinct appendage of the cell. Thus commences 
that arrangement which, in the more highly differen- 
tiated stages, is expressed by the connection between 
.ganglion-cells, nerve-fibres, and muscle-fibres. By sup- 
posing that the fibres, which in the earlier case appear to* be 
merely processes of the cells, retain their nuclei, and that the 
products of the division of the nuclei of the cell gradually become 
fibres, and that further the neuro-muscular cell is no longer con- 



rig, 13. Neuro-nmaoular cells 
of Hydra. n Processes of the 
cells, m Oontractile fibres (after 
Kleinenberg). 
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neoted directly, but by means of a separate process with tbe 
fibre, which has at the same time itself also become independent, 
we can see how the more differentiated stage has been brought 
about. Nerves and muscles seem from this point of view to be 
the products of the separation of one and the same layer of tissue, 
which tissue we shall learn later on to know as the ectoderm.^^ 
And at the same time a physiological postulate is thus satisfied: 
for clearly it is impossible to imagine that nerve or muscle once 
came into existence with their elements totally distinct from one 
another, and that the connection between them, on which their 
functions depend, was the result of a later union. 


Muscular Tissue. 

§ 26. 

The morphological elements of the muscular tissue are, so far 
as their more special characters are concerned, divisible into, 
two groups. One consists of cells simple in form, the other of 
fibres derived from cell-aggregates, or from syncytia; the lattei] 
is indicated by the presence of numerous cell-nuclei. In either case 
the amount of protoplasm, which retains its indifferent character, 
is slight, and subordinate in importance as far as the function of 
the form-elements in question is concerned. Further differentiation 
of the contractile substance may in either case lead to the higher 
development of the fibre. 

1) The so-called smooth muscular fibres, or contractile 
fibre-cells, constitute the first form. They are spindle-shaped 
cells, which are often greatly elongated, and then are band-like in 
form ; in these cells either none of the indifferent protoplasm at all 
persists, or what does is to be found in the long axis, or at the 
periphery of the cell only. In all cases such remaining protoplasm 
surrounds the nucleus. The contractile substance is homogeneous 
and limited externally by a membrane, which is often difficult to^ 
demonstrate. The reaction of these muscle-fibres to nerve stimu- 
lation is slow. 

Owing to differentiation of the contractile substance into singly 
and doubly refractive particles, the fibres gain the appearance of 
transverse striation ; such is the origin of that variety of the 
tissue, which is known as transversely-striated muscular fibre. 
There are various intermediate forms between this kind of striated 
tissue, which consists of fibres derived each from a simple cell, and 
the other more homogeneous kind of fibrous muscular tissue. 

2) The elementary parts of the other form of muscular tissue 
are formed by cell-aggregates (syncytia). They generally arise, as 
it seems, from the gro^h of one cell, the nucleus of which multiplies, 
so that they may be regarded as arising from the continuous but 
imperfect division of one cell. Their contractile substance either 
has a cylindrical shape, is limited externally by a homogeneous 
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membrane (tbe saroolemma), and contains several nuclei, with 
remnants of protoplasm along its axis ; or the contractile substance 
forms a solid cylinder, on the surface of which, and immediately 
below the sarcolemma, are the nuclei with the remains of the proto- 
plasm. 

Further, there are two varieties of this form of muscle-tissue 
in which the contractile substance is respectively more homogeneous 
or more heterogeneous. If more homogeneous the fibres resemble 
the so-called smooth fibrous cells, from which indeed they differ only 
by the fact that they do not correspond to a single cell, but to a 
multiple of cells, as is clear from the number of nuclei appertaining 
to the fibre. In the other condition, owing to the differentiation 
of the contractile substance, they resemble the second form of 
simple muscular fibres, and, like them, are transversely striped. 
These also correspond to a number of cells although they are 
derived from a single cell, and owe their elongation to its growth. 
The reaction to stimulus is, in transversely-striped fibres, rapid. 


Nervous Tissue, 

§ 27. 

Nervous tissue appears (as has been already explained) at the 
same time as muscular tissue in the Animal Kingdom, and is 
distinguished by its functions, even in its lower conditions, from 
; other tissues. It receives and passes on stimuli, converts them into 
jsensations, and produces voluntary excitations. Two conditions are 
to be distinguished in the morphological characters of the elementary 
parts, nerye-fibres and nerve-cells. The former are mostly present 
in the peripheral portion of the nervous system, and are the con- 
ducting organs, while the latter form the central elements. 

1) Nerve -fibres have not always the same relations, and their 
different conditions are to be regarded as stages of differentiation. 
r. their simplest form they are elongated homogeneous 

band-hke bundles composed of fibres which are so slightly separated 
from one another that they appear to be merely striated. For the 
majority of Invertebrata the relation of nerve-trunks of this kind 
and their branches to the histolo^cal form-elements is not thoroughly 
made out ; and even the question whether the numerous striations 
of the nerve-trunks are to be regarded as the indication of their 
being compos^ of separate fibres, is an open one. The presence of 
nuclei in their structures is the sole fact which points to their 
relation to cells. In other cases fibres united into bundles may be 
d^tinguished as individual elements of structure. The fibre consists 
of an apparently homogeneous substance which is limited super- 
ficially by a fine membrane, beneath which are the nuclei. Eemains 
of protoplasm may be at times made out around the nucleus, which 
shows that the rest of the fibre is a differentiated substance. The 
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straoture of these nerve-fibres is therefore histologicjally of a similar 
grade to that of muscnlar-fibre^ and the only difference between 
the two is in the quality of the differentiated protoplasm, which in 
one case gives rise to muscle, and in the other to nerve-substance. 
Such fibres are to be seen in the Invertebrata as well as in 
Amphioxus and the Oyclostomi. In the higher Vertebrata they are 
present only in the sympathetic nervous system. 

b) Further differentiation gives rise to a second stage of the 
nerve-fibre. The nerve-substance, which lies beneath a more or less 
delicate envelope, is differentiated into a chord which traverses the 
•axis of the fibre — the axis-cylinder — and into a fatty substance 
which surrounds it. The latter, known as the medullary cylinder 
(medullary sheath), gives a highly refractive contour to the nerve- 
fibre, and can be separated from the axis-cylinder only by artificial 
means. The homogeneous sheath which surrounds the medullary 
cylinder — ^the neurilemma — contains the nuclei which are the remains 
of the cells from which the fibre was formed. So far as is .yet 
known this form obtains in the Gnathostomous Vertebrata only. 

2) The other form-element of nervous tissue is represented by 
cells, which are called ganglion-cells, as they are principally 
present in the swellings (ganglia) of the nervous system. They 
form the central apparatus. Their substance is generally finely 
granular in character, with many other peculiarities which cannot 
be entered into more closely here. The nucleus, which as a rule 
is provided with distinct nucleoli, lies in the middle of the granular 
substance ; this latter is often limited by an external membranous 
and firmer layer. A very complicated structure is ascribed to these 
cells, and is explained by every observer in essentially different 
ways, so that the questions involved appear to be stiU far from 
being settled. 

The ganglion-cells possess processes by which they are con- 
nected partly to one another, and partly to nerve-fibres. They 
form therefore the points of origin of the nerve-fibres. It is not 
yet settled how ganglion-cells, which are devoid of processes, and 
therefore completely isolated, can be of any service. The fact is, 
that the belief in their existence grows less and less every day. 
The processes of the nerve-cells vary greatly in number, as well 
as in their relation to the fibres ; the only point to be noted about 
them is that in the differentiated fibres it is the axis-cylinder which 
is continued into the substance of the cell, while the medullary 
cylinder ceases at some distance from it, or, rather, is no longer 
differentiated. The relations of the axis-cylinder to the substance 
of the ceU appear to vary greatly, and are in many points a problem 
still,* 


* SoLBRiG, A., Ueb. d. fein. Sfcrnotur dor Nervonelemente der Gasteropoden. 
Leipzig, 1872. 
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Origin of the Organs. 

§ 28. 

In section 13, the title of organs was given to those parts of 
the body which were entrusted with a definite function for the 
purposes of the organism, and which had a form in correspondence 
with this function. In this general sense every form-element is 
an organ, just as much as the parts, which are made up of form- 
elements, and have a definite function, are organs. The conception 
of an organ is therefore a relative one. We must accordingly 
separate organs into those of a lower and those of a higher order. 
The former are represented by the morphological units or form- 
elements — elementary organs — ^while the organs of a higher order 
are those which are made up of a number of elementary organs — 
cells, and their derivatives (tissues) — and which are set apart for 
a single function. There are but few of these organs of a higher 
order in the lowest stages of animal organisation, owing to the 
simplicity of the organism. But these few organs form the ground- 
work on which the gradual complication of the organism is raised 
up by continued differentiation, and in accordance with the principle 
of the division of labour. We may therefore call those simple 
organs of a higher order, from which complex organs are developed 
by differentiation, primitive organs.^^ 

When we examine these primitive organs more closely, we find 
it convenient to associate them with the earliest processes of dif- 
ferentiation which take place in the organism, for they can be 
derived from them. A collection of smaller cells arises from the 
division of the egg-cell, and these have not all the same position. 
Some occupy the inner part of the organism, and others form a 
layer which surrounds it, and at the same time 
forms the external boundary of the body 
(Pig. 14). If in this stage of development 
the taking in of food into the body com- 
mences, then the inner cell mass becomes con- 
verted into the limiting layer of the digestive 
cavity, and forms a primitive gut (enteron). 
In many observations the process of division 
into two layers is described as due to the 
invagination of a one-layered vesicle. In 
other cases it is represented as taking place 
differently, so that it is impossible to make out 
whether there is any phsenomenon common 
to all cases, and, if so, how far it is common. 
Let us therefore turn to the results of the 
process, without making any generalisation about it. We now 
have an organism made up of two layers of cells. An outer one, 
or ectoderm, which forms the primitive integument, and an inner 



Fig. 14. Separation of 
the mass of cells formed 
by change of the yolk 
into a peripheral (c) 
and a central (d) por- 
tion. 
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one, or endodernii which surrounds a primitive enteric cavity. 
The two layers pass into one another at the orjd opening which 
leads into the cavity. The two cell-layers, which form the body 
of such an organism, furnish the conditions under which it is 
possible for it to lead an independent animal existence. The outer 
one is the organ of support, and may be converted into an organ 
of locomotion if it gives rise to cilia, and may be the seat of 
respiratory functions also. In so far as it per- 
ceives the state of the surrounding medium it 
is an organ of sensation too. The inner layer 
is nutritive in function, produces changes in 
the food which is taken in, and allows what 
can be assimilated to pass into its cells ; and 
these in their turn feed the outer layer of 
cells. What is useless is passed out again by 
the same opening as that by which it entered. 

As the functions of the two layers are dif- 
ferent the special characters of the morpho- 
logical elements which compose them are 
different also; we need only call attention 
now to the much greater size in most cases 
of the cells of the endoderm, as compared with 
the cells of the ectoderm. 

This grade of organisation is to be seen 
in some of the lower divisions of the Animal 
Kingdom (Coelenterata and Vermes), where it 
represents a lowly stage of development. 

Indications of it are to be seen even in the 
higher divisions. This form has been called 
account of the dominant development of the 
from the hypothesis that forms agreeing with a Gastrula in all 
essential points were the precursors of all the higher forms of 
animal organisation, a Gastreea-form resembling the Gastrula has 
been regarded as the primitive ancestral form of all animals. This 
Gastraea theory is based, first, on the existence of independent 
animal forms which resemble the Gustraea; secondly, on the fact 
that the embryonic body which commences with a Gastrula, does 
not, in the lower divisions, rise very much above it, so that 
even apparently considerable complications of the organism can 
be traced back to the existence of these two layers of the body ; 
thirdly, the presence of these two layers of cells, forming the 
ectoderm and endoderm, as a general, constant, and therefore regular 
phaenomenon, even in the higher divisions of the Animal Kingdom, 
as well as their constant relation to the same functions, is a fact of 
the greatest importance for the hypothesis in question ; indeed the 
occurrence of these layers as the so-called germinal layers, 
which make up the embryonic body, cannot be rightly understood 
without a reference to a hypothetical Gastrasa-form. This hypo- 
thesis may therefore be regarded as justified. 



Fig. 15. Diagram to 
represent the first dif- 
ferentiation of the or- 
ganism into ectoderm 
and endoderm, and the 
formation of a digestive 
cavity, a Mouth, b En- 
teric cavity, c Endo- 
derm. d Ectoderm. (In 
transverse section.) • 

the Gastrula, on 
enteron. Starting 
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We fecomiso then the Gastrssa as a fundamental form, and 
hi we dfSerentiation of two layers corresponding respeo- 
^^y to endoderm and ectoderm, which are present eyen in the 
li^hest grades of the Animal Kingdom, facia which point to such 
aGastrasa stage, and are due to it. But it must not he at all sup- 
posed that we have advanced farther than lust on to the threshold 
of a knowledge of these relationships. The definitive explana- 
tion of -many of the points which have considerable importance in 
this matter is still far distant, and but little light has yet fallen on 
even such apparently simple points as the origin of the Gastrula 
and its two layers. It is a question whether the form which pre- 
cedes the Gastrula is a one-layered vesicle — ^that is, whether the 
two layers of the body are due to the endoderm being formed by 
invagination ; or whether the endoderm is developed from a primitive 
internal cell-layer delamination. And again, whether the two con- 
ditions that have been observed are independent of or derivable from 
one another. Further investigations will have to settle all this, and 
our judgment must therefore be proportionately reserved until such 
investigations have been made. 


§ 29 . 

The two layers of which the body of the lower animals is made 
up during their early stages, and which are, in the higher divisions, 
represented by the germ -lay era — that is, the ectoderm and 
endoderm — give rise to an intermediate layer or mesoderm, in the 
formation of which the other two apparently take an equal share. 
But it is not yet definitely known what share each takes, since the 
earliest processes of the differentiation of the rudiments of the body 
still require much careful investigation, and, moreover, they do not 
present the same characters in all cases. These three layers appear 
directly after the segmentation of the ovum in the higher animal 
organisms, and are coincident with the first traces of histological dif- 
ferentiation. They represent the outline of the organism in the condi- 
tion of a germ, and from this the whole organism by differentiation 
evolves itself. 

These rudiments of the body exhibit great modifications in the 
higher divisions of the Animal Kingdom, and the stage which is 
represented by the Gastrula form is more difficult to make out in 
proportion as the differentiations through which the organism has 
to pass are more considerable; but the principal features can be 
easily recognised as identical in all cases. The outer ger min al layer 
(deric layer or ectoderm) forms the outer limiting layer of the body, 
and the inner (lower) germinal layer (enteric layer, glandular layer, 
or endoderm) the foundation of the gut or enteron. The middle layer 
(mesoderm) afterwards arises between them. 

As the ectoderm and endoderm are the first organs marked off 
in the course of development, the germinal layers are to be regarded as 
primitive organs, which have been transmitted from the earliest 
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stages in the differentiation of the animal organism to later^ and there* 
fore higher stages^ and which, following tiie law of the division of 
labour, give rise to series of new organs. We do not yet know enough 
of the details of the organologi(^ differentiation of the germinal 
layers to be able to give the history of every organ. However, the 
facts which are clearly established with regard to, at any rate, some 
divisions of the Animal Kingdom enable us to follow out the first 
steps in the process of differentiation. The organs which put the 
organism into relation with the outer world, such as organs of 
defence, of support, and of sensation, are principally derived from 
the ectoderm (hence called the sensory layer), also those of move- 
ment ; while the endoderm principally provides the organs for the 
preservation of the individual and of the species (nutritive layer). 
As the origin of the mesoderm, out of which important organs 
are formed, is still very obscure, the relations of these organs to one 
or other of the two primitive germinal layers must be left an open 
question. 

The primitive character of the organism more or less disappears 
as the rudiments of the body are formed out of the germinal layers, 
and as fresh organs which render the organism more complicated 
arise in it. Organs differentiated from the germ layers wMch act 
the part of primitive organs are reckoned as secondary organs. 
From these, tertiary organs are formed, and so on. The separate 
organs differentiated out of a primitive organ remain connected 
together, owing to the fact of these processes of separation being due 
to the division of a function, and of the separate functions being 
subordinated to the primary function, from the breaking up of which 
they took their origin. Combinations of organs are therefore 
formed, which are known as organic systems, on account of their 
morphological and physiological connection. 

This connection does not always persist in the adult condition ; 
and, in fact, organs primitively connected often become separated. 
This obtains chiefly in those organs which serve several purposes, 
for when the functions become independent the organs become so 
too. But even in these cases ontogeny indicates what was the 
primitive condition. 


Systems of Organs, 

a) Integument. 

§ 30 . 

The ectoderm, as the outermost layer of the body, forms the 
simplest condition of the integument of animal organisms. In 
the lowest organisms (Protista) there is either no integument at all, 
the protoplasm which forms the body being protracted into ever- 
changing processes (pseudopodia), or the integument is represented 



38 


COMPAEATIYE ANATOMY. 


by tbe outermost layer of tbe protoplasm of a single cell, in whicli 
case we have the first example of a denser stratum of the cell becoming 
separable as a distinct envelope and covering for the rest of the 
organism. The ectoderm has the function of an organ of defence 
when its cells secrete a substance which invests, more or less per- 
fectly, the surface of the body. This substance may harden and 
give rise to tests or shells, or form a continuous covering for tbe 
body, like tbe carapace of the Arthropoda. 

When a mesoderm is formed, that part of it which becomes con- 
nected with the ectoderm takes on, in various ways, the functions 
of an organ of support. The calcareous deposits in the complicated 
integument of the Echinodermata are examples of this. 

The activity of the ectoderm in producing firm organs which 
protect the body is seen also in the Vertebrata, where numerous 
and varied parts, which function as investing and protecting organs, 
are produced by it. 


b) Skeleton. 

§ 31 . 

In proportion as the various protective organs which are formed 
from the ectoderm increase in size or in strength, and at the same 
time become connected with internal organs, they attain the function 
of organs of support also. Such organs we designate as the skeleton. 
The combination of inorganic substances (chiefiy calcareous salts) 
with an organic base plays an important part here. The supporting 
function of the integument gives rise to numerous adaptations. 
The combination of the functions of both protection and support 
is clearly a lower stage as compared with the formation of internal 
skeletons, which indicate a higher functional differentiation, and 
function exclusively as organs of support. Here, too, we meet 
with the most various conditions. The lowest forms, the first 
beginning of such internal skeletal organs, are solid deposits in 
the tissues, the separate pieces of which have no connection with 
one another. The growth and union of these deposits give rise 
to skeletal formations, which may be also regarded as excretions. 
Examples of them are found even in the Coelenterata. When a 
definite tissue, the properties of which specially fit it for the 
function of support, is brought into use, the internal skeleton 
assumes a higher degree of development. The differentiation of 
cartilage from the indifferent connective tissue is the first ex- 
pression of this phenomenon. As low down as the Meduse, 
among the Vermes and among the MoUusca, the employment of 
cartilaginous tissue for organs of support is commenced, and in the 
Vertebrata it attains to greater importance, until it is pushed aside 
by a second and more perfect skeletal tissue — ^the osseous. 
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c) Muscles, 

§ 32. 

The locomotion of the body exhibits itself in its simplest phase 
as a change in the form of the body due to the contractility of 
its protoplasm. When these changes in form follow one another 
rapidly, and have all the same direction, the body either elongating 
or sen^g out processes which attaching themselves to some fixed 
point, are followed gradually by the rest of the semi-fluid body 
(Rhizopoda), locomotion is effected. The difference between this 
mode of locomotion and undefined change of form is seen to be 
merely one of degree. The contractility of protoplasm may pro- 
duce changes in position even when it is invested by a differentiated, 
though soft, integument. This layer of integument will follow the 
movements of the body it invests. In such cases, and they are very 
common among the Protista, special organs of locomotion cannot be 
said to exist, for the cilia have other functions to perform for the 
organism in addition to locomotive ones ; such, for example, as that 
of aiding in the ingestion of food. 

Specific organs of locomotion make their first appearance when 
the contractile morphological elements known as muscle-fibres are 
differentiated; these, in the simplest case, form a muscular layer 
lying beneath the ectoderm. 

The genesis of this earliest musculature of the body is due to a 
differentiation of the ectoderm (Hydroid polyps), the cells of which 
give off flattened processes, which form a continuous layer of 
contractile fibres. 

Each individual ectoderm-cell concerned in the formation of this 
layer of fibres represents accordingly a sensory apparatus, which 
stands in direct continuity with a contractile apparatus. The cell is 
indeed replaced, when the musculature is differentiated, by groups of 
muscles which work so as to balance one another, and completely 
harmonise in their action (compare Sect. 31). We cannot yet say how 
far this process, which gives so deep an insight into the mode of 
differentiation of the tissues as well as of the organs, is repeated in 
the ontogeny of the higher forms of animals. In all divisions above 
the Ooelenterata we always find the separation between ectoderm 
and muscle complete. It may therefore be doubted whether a 
process of the kind described in the Hydroid polyps always accom- 
panies the origin of the muscular system. But yet it is very 
probable that something of the kind does occur. Even though the 
process of differentiation in the higher organisms does not enable 
us to recognise these processes in their case, yet it is not to be 
assumed without further reason that the mode of origin of the 
muscular tissue was in them primitively different, for Ontogeny 
very seldom repeats phylogenetic processes in every detail. 
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§ 33 . 

The earliest musculature of the body is closely related to the 
integument, from which it can with difficulty be separated. Since 
this is the case not in the Ooelenterata alone, we have here an 
instance in favour of an essentially equivalent origin for this part of 
the musculature in all oases. Together with the integument, it 
forms, on the appearance of a body- cavity, a dermo-muscular 
tube/^ which encloses the other organs. The arrangement of 
the muscular fibre seldom presents much regularity till the body 
becomes jointed into separate parts, placed one behind the other 
(metameres) ; and with the development of organs of support the 
muscles become differentiated into separate groups. Collections 
of fibres form bundles, and these again make up larger complexes, 
muscles. The segmentation of the muscular system corresponds 
therefore to the segmentation of the body, and the separate 
segments differ in proportion to the difference in function of the 
metameres. The various kinds of movement which are produced 
by the crossing of .the fibres of the dermo-muscular layer in 
different strata, are, where the muscular system is more highly 
differentiated, effected by groups of muscles acting in opposition 
to one another, and completely balancing one another in their 
action. 

Locomotion by movement of the whole body is brought about by 
the dermo-muscular tube and the differentiations which arise from 
it; the whole integument, in the first instance, takes a share in this 
activity. A further differentiation arises from this state of things 
when special appendages are formed, as limbs, on certain parts of 
the body. When the animal changes its place these act as the arms 
of a lever. They have the form of simple soft processes of the 
dermo-muscular tube (Ringed worms), or of jointed organs, which 
are supported by the integument (Arthropoda), or by means of internal 
skeletal structures (Vertebrata). The complication of the muscular 
system is in close connection with the development of supporting 
organs ; and the two form a single locomotor system in which the 
skeleton plays the passive part. 


d) Nervous System. 

§ 84 . 

In the lowest conditions of animal organisation the protoplasm of 
the cells is the seat of sensation, as well as of movement ; and this 
w permanently the case in the lowest organisms. As the muscular 
layer of the body becomes differentiated, the ectoderm becomes the 
principal organ of sensation. The differentiation of a nervous 
system is due to the further development of a portion of this layer 
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as a sensory or^n, for wliicli reason sncli an organ must be at first 
placed superficially. This superficial position of the earliest rudi- 
ments of the nerve-centre has been already made out in so many 
forms that it may be regarded as a general phasnomenon. As the 
sensory organ becomes diJfferentiated from the ectoderm it sinks 
down into the body. The developing central organ is thus 
gradually covered over by other layers of the body. This 
arrangement, which is most peculiar, and by itself most unin- 
telligible, is explained if we regard it as inherited from a more 
primitive stage, in which the nervous system was but slightly 
differentiated, and was represented by the whole cell-layer of the 
ectoderm, or by part of it. We must consider its gradual attain- 
ment of an internal position to be a process due to its continued 
differentiation, and consequent higher potentiality ; the organ, which 
has become of greater value to the organism, gets hidden within the 
body. 

With regard to the structural characters of the differentiated 
nervous system, the central organ, which is chiefly composed of 
ganglion-cells, is to be distinguished in the first place from the 
nerves, which pass to the terminal apparatus, and consist of fibrous 
elements (peripheral nervous system). 

§ 35 . 

The earliest complications are due to the appearance of several 
parts (ganglia), in which are central form-elements connected with 
one another : the further development of these parts is very various. 
The ganglionic mass, which forms the central organ, is primitively 
dorsal, owing to the earliest separation of the central organs taking 
place from the dorsal ectoderm, as we have already seen. This 
dorsal nervous mass, which generally lies near the entrance to the 
alimentary canal, is differentiated into several parts, which are con- 
nected together by commissures ; their fibres form an oesophageal 
ring. 

In the animals built on a radiate plan the number of the ganglia is 
increased in correspondence with the radii ; the peripheral distribution 
of the nerves also follows these general structural relations exactly. 
The nervous system in bilaterally-symmetrical animals follows the 
bilateral arrangement. The more primitive form is represented by 
a superior ganglionic mass (cerebral ganglion). Other ganglia do 
not seem to be formed until the metameres are formed. W e then 
are able to distinguish dorsal and ventral ganglm ; the latter may form 
ganglionic masses along a continuous longitudinal trunk, or a single 
suboesophageal ganglion. The variations in size of these oesophageal 
ganglia are in the closest connection with the nerves which pass off 
from them. When sensory organs are developed, the ganglion 
which sends off their nerves becomes of considerable size, whfie it 
seems to degenerate when they grow less. The supra-oesophageal 
ganglia are the most important in this relation, for it is from 
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tli6m*tliat the nerves of the higher sensory organs arise, which in 
position and direction have one widely-distribut^ ar^gement. 

From this form another is directly derived, determined apparently 
by the well-marked metamerism of the body. Whilst in unseg- 
mented animals possessing an oesophageal ring, the ventral parts of 
the body are supplied by nerves which arise from the suboesophageal 
ganglia, we find that the number of ventral ganglia is increased when 
the body is broken up into parts lying one behind the other (meta- 
meres). A ventrally-placed series of ganglia is formed by the 
development of a separate pair of ganglia for each segment ; and 
these, being united to each other by longitudinal commissures, form 
a ganglionic chain. The Ringed worms and the Arthropoda present 
us with this form. Further differentiation gives rise to all kinds of 
variations of this type. 

In the first place, the size of the ganglia varies with the size of 
those parts of the body that have to be innervated; and in the 
second place, the ganglia of several segments of the ventral cord 
fuse into larger ganglionic masses. 

Even when the central nervous system is entirely dorsal, as in the 
Yertebrata, it undergoes differentiations of this kind. When the 
most anterior part of the body is developed into a head, the most 
anterior part of the central nervous system is developed into a special 
region, the brain, which is marked off from the remainder of the 
medullary tube, or spinal cord, which remains more equal in 
size throughout. As differentiation advances, variously developed 
regions appear in the brain. 


e) Sensory Organs. 

§ 36 . 

The sensory organs inform the organism of the condition of 
the outer world. Protoplasm, in its indifferent condition, charac- 
teristic of the lowest organisms, reacts to various stimuli from with- 
out, and appears to be the seat of the lowest kind of sensation. 
When the surface of the body is not completely marked off from the 
inner portion of the organism (Rhizopoda) it is used as an organ of 
perception, of course of the very lowest grade ; it functions therefore 
as a sensory organ of the lowest order. When the surface is more 
distinctly marked off, and a distinct outer layer of the body is 
established (Infusoria, Gregarinas), we get a differentiation of great 
importance for sensory perception. 

j^though, indeed, particular parts of the surface in the Infusoria 
specially acquire the function of sensory organs, yet there is no 
ground for speaking of sensory organs in an anatomical sense, in 
this case, any more than there is in the still lower stages. Sensory 
organs only appear when a nervous system is marked off, for sen- 
sory organs are the end-organs of the sensitive nerves. 
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Their presence therefore presupposes that form of differentiation 
which we treated of above, when speaking of the nervous system. 
Since ontogenetic facts point to the primitive segregation of the 
nervous system from the ectoderm, as being most probably a funda- 
mental process, this same outermost layer of the body becomes also 
of the greatest importance in studying the origin of the sensory 
organs. Almost all the sensory organs are derived, directly or 
indirectly, from it; whence arises the permanent or temporary 
connection of these organs with the integument. 

It is very unsafe to assert what are the functions of many of the 
sensory organs of the lower animals. This applies to all those organs 
which are not comprised amongst those which fall within the domain 
of our own judgment, on account of our possessing them or their 
homologues, in which case only is it possible that the connection 
between their structure and specific function can be estimated. 
Such outstanding organs have been classed together as organs of a 
sixth sense. 

§ 37 . 

The sensory organs are divided into lower and higher. The 
former are commonly distributed over the integument, and are simple 
in structure. Compared with the higher they represent a more 
indifferent condition. Modified cells of the integument, which 
generally belong to the epidermis, connected on the one hand with 
a nerve fibre, and on the other provided with a process of varying 
shape, which is directed towards the surface of the body, are the 
most common examples of the lower sort. They are regarded as 
the organs of general tactile perception; but the physiological 
function of these organs, especially in aquatic animals, has not been 
definitely determined, and it is reasonable to suppose that many of 
them are the media of specific sensations, in which case they would 
resemble the higher organs of sense. 

The significance of these arrangements is somewhat more certain 
when they are connected with special organs, such as movable 
processes of the integument and the like ; they then appear to be 
tactile organs. It is still a question whether structures of this 
kind, especially in the lower divisions of the Animal Kingdom, are 
of use for perceptions other than tactile. 

The higher sensory organs present themselves to us as special 
elaborations, with one special function and capable of response only 
to stimuli of one special kind ; they are to be regarded as developed 
from the lower kind of sensory organs, and oftentimes still possess 
the essential structure of that lower kind. Organs of taste and 
smell can only be certainly distinguished in the higher divisions of 
the Animal Kingdom, and the function of the latter is certain only in 
those Vertebrata which live in the air; in the lower divisions it is 
still doubtful. Even in the case of the organs of taste the greatest 
caution is necessary as to their real import. The value of a sensory 
organ to the organism determines its being protected against 
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external influences. This explains the foldings-in of the portion of 
the integument which is about to be differentiated into a sensory 
organ. It is for this reason that the higher sensory organs gradually 
sink beneath the level of the ectoderm as they are developing, and 
attain a favourable position for further development. 

§ 88 . 

Vesicles filled with a fluid, on the walls of which a nerve ends, 
are. regarded as auditory organs (otocysts). In its simplest form 
the vesicle is directly connected to the central nervous system, or the 
nerve passes from it to the vesicle. These vesicles almost always 
contain firm concretions or crystalline structures; and very often 
crystals of calcic carbonate. There are often hair-like prolongations 
of the end- organs in addition to them, which project into the lumen 
of the vesicle. This form of auditory organ, which obtains in the 
Invertebrata, is complicated in the Vertebrata by diverticula and 
outgrowths which form a labyrinth. New arrangements are produced 
in the form of organs for carrying and increasing the sound, which 
become attached to the auditory organ, although they primitively 
presided over other functions. Inasmuch as the labyrinth- vesicles 
of the Vertebrata are developed from the integument, the terminal 
organs of the auditory nerve which are differentiated in its walls 
are genetically connected with the terminal organs of the tactile 
nerves, which lie in the integument; they may therefore be 
regarded as a specific development of a lower sensory organ. The 
genetic relations of the simpler otocysts of most Invertebrata are 
as yet unknown, but all the more exact results point to the supposi- 
tion that they arise by a differentiation of the ectoderm. 

The optic organ also has a simple mode of origin. We 
exclude the pigment spots, which used to be often called eyes, and 
only recognise an eye where a nerve-ending of definite form can be 
detected, either under or on the surface of the body, acting as an 
organ for the perception of light. By the light-absorbing property 
of the pigment it is possible that indefinite sensations of light and 
shade may be produced, or other sensations altogether unlike that 
which we call sight may possibly be produced by the heat-rays 
alone of the light. 

The function of pigment in the way just noticed is doubtful, but 
when it surrounds a part only of a rod-like nerve-ending, and that 
in such a way as to leave the outermost end free, and exposed alone 
to the influence of light, it has, clearly enough, a definite function. 
Optic organs of various degrees of complexity are formed by the 
union of a few or of many nerve-endings; the elements which 
are the medium of light-perception (rods) forming a convex or 
concave layer. Another complication is due to the addition of 
organs to refract the light (lenses) ; these, too, may have all kinds 
of rektions, but they are always, either directly or indirectly, 
derived from the integument. In eyes in which the surface of the 
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layer of rods is convex there are^ as a rule^ as many lenses as there 
are perceptive nerve-endings ; when the layer of rods is concave, 
there is one lens only. By the addition of other arrangements to 
the nervous apparatus of the eye, by which its functional capacity 
is modified or increased, this organ becomes one of the most com- 
plicated of the animal economy. In most of the lower divisions the 
optic organ, even when fully developed, still retains its primitive 
relation to the ectoderm. In the higher divisions it is separated 
from it, and gets to lie, together with its perceptive apparatus, be- 
neath the integument, or the perceptive apparatus is derived from 
the embryonic foundations of the nerve-centre. 

The phaenomena of differentiation may be seen even in what 
relates to the position of the optic organ, for the parts of the body 
which carry the eyes, as well as the number of the eyes, varies 
greatly in the lower divisions of Animals. Connected with this is the 
occurrence of a great number of eyes on the anterior part of the 
body, which goes to form the head, until, finally, the number of 
eyes on the part in question becomes limited to two. The different 
position occupied by visual organs forbids us to suppose that they 
have had a common hereditary origin, and is in favour of these 
hetero topic organs having been independently differentiated from 
an indifferent apparatus. On the other hand, that eyes which are 
connected to the cerebral ganglion, or the dorsal nerve-centre, have 
a common genetic relation, is not to be disputed. 


f) Respiratory Organs of the Integument. 

(Derma] Branchlee.) 

§ 39 . 

An important part is played by the integument, and therefore by 
the ectoderm, in the formation of respiratory organs. Before 
they appear the gas exchange is carried on probably by the whole 
surface of the body, and this mode of respiration obtains in many 
of the lower aquatic animals. A change of the surrounding medium 
is effected, partly by the movements of the body, and partly by 
special organs, for example cilia ; thus fresh quantities of it are con- 
tinually brought into contact with the respiratory surface. This is 
not, however, the only method of respiration in the lower animals, for 
the introduction of water into the interior of the body, in fact 
the bathing of the alimentary canal by water, is certainly not 
without significance in this Erection, while it is of great im- 
portance as being the beginning of a long series of differentiations. 
Certain limited portions of the surface become more developed in this 
direction as the function becomes localised, and, in compensation 
for this limitation, acquire the form of blood-carrying processes, 
which are called branchiae. In many cases they are £fferentiated 
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from the appendages (Vermes, Crustacea). An increase of the surfacei 
which is brought about in variona ways, is the mode in which the 
farther complication of branchim takes place ; it is very frequently 
accompanied by a reduction in the number of separate branchial 
organs. 

The importance of branchifie to the body calls into existence 
various kinds of supporting arrangements for these organs, 
which, in their lowest condition, project freely from the surface of 
the body. Neighbouring parts of the integument being raised up 
into covering lamellaa, the branchias become hidden in cavities 
(branchial cavities), and the same tegumentary folds give rise to 
afferent and efferent canals for the water, which serves for respira- 
tion (MoUusca, higher Crustacea). In this way the development of 
respiratory organs may affect other parts of the integument, the 
direct relation of which to respiration had been lost for a very 
long time. 


g) Excretory Organs. 

* § 40 . 

Just as the gaseous excretory matters are eliminated from the 
organism by the respiratory organs, so too are there arrangements 
for eliminating the solid or fluid matters which have become useless 
to the organism. The whole surface of the ectoderm performs this 
function in the lower organisms ; in the higher forms of life, on the 
contrary, there are special organs, dermal glands, which have this 
function. Of those general arrangements which function as organs 
of secretion we have to do here with those special ones only which 
eliminate the excretory matters, and which are distinguished as 
excretory organs from those glands which secrete matters 
which are of use to the organism ; these latter are either indepen- 
dent, or are united to definite systems of organs, of which they are, 
in that case, specialised parts. 

The excretory nature of the products of secretion of those 
secreting organs, which are formed by the ectoderm, is least open to 
doubt, for the products are removed at once from the organism by 
the emptying of the gland. 

Of the various kinds of organs which open on the surface of the 
body one sort attains to general importance. These are the kidney- 
like excreting organs, which eliminate the nitrogenous excreta 
from the body. These organs are distinctly derived from dermal 
glands, notwithstanding that in the Vermes, where they seem to 
have their most simple form, they penetrate deeply into the body ; 
nor does the fact that in many cases (Annelida, MoUusca) the organ, 
which in other points also is much modified, opens into the body- 
cavity, and so connects it with the surrounding medium, and even 
serves in many groups (MoUusca) as a means for introducing water, 
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affect the question of its origin. In other forms (Annulata) these 
organs, having a tubular form, assist in the generative functions, by 
serving as ducts for the generative products. The recurrence of this 
function for a portion of the primitive excretory apparatus (primi- 
tive kidney, archinephron) of the Vertebrata might be explained as 
an inheritance from a lower stage. How far such a view is justified 
is still uncertain. In any case a genetic point of contact between 
the primordial kidney of Vertebrata and the renal tubes of lower 
organisms, can only be looked for where the apparatus is, as in the 
Vertebrata, single on each side of the body. 


h) Alimentary Canal. 

§ 41 . 

The ingestion of nutrient matter into the body is, in some of the 
lowest organisms, effected by endosmotic processes, in which the 
surface of the body takes the principal share. In others solid nutri- 
ment is ingested, the soft protoplasm sending out pseudopodia, and 
embracing the nutrient matter which happens to come into the 
neighbourhood (Ehizopoda). The formation of a definite part of 
the surface of the body, serving for the ingestion of nutriment, is 
really a step towards organological differentiation (Infusoria) ; but 
this does not constitute an alimentary canal, which does not appear 
as a separate organ till the body is differentiated into cell-layers. 
The cell-layers, when they do appear — an inner and an outer — pass 
into one another at the margin of the orifice of entrance. 

The inner layer, or endoderm, lining a space open to the 
exterior, forms the wall of a digestive cavity. In the simplest 
form, represented by the Gastrula, the endoderm is the sole wall of 
the primitive enteric cavity. The formation of a mesoderm gives 
rise to other layers external to this one. Of these the most im- 
portant is a muscular layer, for by it the intestine is enabled to per- 
form independent movements. The opening which leads into the 
enteric tube serves as a mouth for the ingestion of nutrient matters, 
as well as for an opening for the rejection of the undigested remains of 
the food (Coelenterata, many V ermes). The appearance of an anal 
orifice produces a further separation of functions, and converts the 
blindly-ending gut or enteron into a tube open at both ends, the 
separate portions of which take on various functions, and so undergo 
different adaptations. The first portion, which is connected with the 
mouth, forms an oesophagus, which serves for the introduction 
of food ; then follows the true digestive cavity, which is generally 
widened, or provided with cmcal sacs, and is generally called the 
stomach, though this name is not always applied to equivalent 
parts. The terminal part of the whole system serves for further 
alteration of the food, as well as for the excretion of the remnants 
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by the anus. This differentiation of the digestive tube into 
several unequal parts is the most important complication ^hich 
it undergoes ; any further differentiations are subordinate to this. 
Three tracts are accordingly henceforward distinguished, as fore- 
gut, mid-gut, and hind-gut. 

In addition to the varying and numerous changes in size which 
the different portions of the canal undergo, other arrangements, due 
either to special new functions, or mere expressions of further 
division of labour, arise in it. Organs for seizing and comminuting 
the food become attached to the mouth, or mark off a portion of the 
oesophagus (masticatory organs). In the stomach also there 
are sometimes masticatory organs of this kind. When they occur at 
the commencement of the oesophagus, just behind the mouth, this 
part, which is frequently distinguished by its larger supply of 
muscles, is known as the pharynx. 

The size of the cavity of the canal is increased by dilatations, or 
csecal diverticula. Crops are formed in the course of the oesophagus, 
caecal sacs on the stomach and on the rest of the intestine, which 
are variously complicated in number and arrangement. When the 
length of the alimentary canal is greater than that of the body, it 
is arranged in ascending and descending loops, or in coils, and so 
adapted to the size of the cavity in which it is contained. Both the 
quantity and quality of the food ingested is of the greatest import- 
ance as affecting all these relations of parts; and nowhere is the 
adaptation of the organ to its function — ^which results from the 
mode of life of the animal — more clearly seen than in the arrange- 
ments of the alimentary canal. 

Secretory organs are generally connected with the alimentary 
canal, to aid in the process of digestion ; their products dissolve, 
axid act on. the nutrient matter hy chemical change. Glands of 
this kind are sometimes distributed over the whole canal, and some- 
times distinguish certain portions of it only. In their simplest form 
they are not differentiated from the enteric wall, and in that case 
are not distinctly marked-off parts. Those marked off from the wall 
of the enteron are separated into two chief divisions. One of them 
comprises the glands which open in the buccal cavity, or its neigh- 
bourhood, and are distinguished as salivary glands. Another 
group is formed in the portion which serves for digestion, and is 
regarded as a bile-producing organ, a liver. It is right to note that 
the distinguishing of these organs by names which are applied to 
organs of higher organisms, physiologically better understood, is 
merely hypothetical, for nothing is known of the physiology of 
most of the organs of the lower animals. This holds especially for 
the epithelium of the gut, which generally appears coloured, and 
which is often called the liver/^ organ appears under the form 
of an epithelium, lining a part of the digestive cavity in the Goelen- 
terata, in many Yermes, and even in Insects, till at last it becomes 
to defimte csscal appendages of the alimentary canal, and so 
attaiiia to the lowest gn^ of mdependence. The. liver presents 
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itself from this point onwards either in the form of numerous 
follicles, which beset a large portion of the canal, or it forms a large 
group of glands, which open separately or together into tho 
alimentary canal. The differentiation of the liver leads to a gradual 
separation of that organ from the digestive tube, so that finally it is 
merely connected to the canal by its ducts (higher Mollusca, V erte- 
brata). 


Respiratory Organs of the Bnteron. 


§ 42 . 

The general differentiations of the primitive gut (archenteron), 
formed by the endoderm, which have been already mentioned, give 
rise, in obedience to the principle of division of labour, to organs 
which serve for the ingestion and digestion of nutrient matters; 
these do not confer any essentially new functions on the gut. But 
such a new function does appear when the gut acquires relations to 
respiration. It is not certain whether this function obtains in the 
primitive gut, although this is probable, for the endoderm is bathed 
by the surrounding medium, like the outer layer of the body, while 
the water which is taken in with the food may serve for respiration. 
The relation becomes much more definite when we note the regular 
streaming in of water into the rectum, which obtains in many 
Vermes and Mollusca. This phaenomenon is an indication of the 
respiratory function of the gut, but has no bearing upon the forma- 
tion of distinct respiratory organs, which are differentiated from the 
digestive tube. 

Such a respiratory organ is brought into existence in the most 
anterior portion of the gut, by its walls being broken tbrongb by 
lateral pores; by special relations of these pores to the vascular 
system it acquires a respiratory significance. This arrangement, 
which already makes its appearance in the lower divisions, occurs 
again in the Vertebrata. Processes, known as branchiae, in which 
the respiratory vascular network is distributed, arise on the walls of 
the clefts of this cavity. A region of the primitive digestive tube 
is thus converted into a special portion, a branchial cavity, at the 
hinder end of which the tube which serves exclusively for nutrition 
commences. 

Another form of respiratory organ is developed from the wall 
of the gut, in the form of a diverticular outgrowth ^ of the anterior 
portion of that organ. This appendage of the gut is filled with air, 
and in fishes has merely a hydrostatic function. As the relations 
of the circulation become changed it is gradually converted into a 
respiratory organ, and becomes the lungs; in the higher divisions 
of the Vertebrata new organs, namely, those for the production of 
a voice, are developed on the passages leadmg into it. 
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i) Vascular System. 

§ 43 . 

The substances prepared by the digestive process ^ for the 
nourishment of the body are, in the lowest organisms which take 
in solid food, merely distributed from the digestive spaces into the 
protoplasm of the body. When a distinct digestive tube is formed, 
nutriment passes through its walls straight into the parenchyma of 
the body, so that the mesoderm and ectoderm, with the organs 
differentiated from them, are nourished by the endodorm. This is 
characteristic of the Coelenterata and some groups of Vermes. In 
many others a dividing of the mesoderm occurs, which takes the 
form either of canalicular cavities, or of a complete splitting of the 
mesoderm into an outer plate attached to the ectoderm, and an 
inner one attached to the endoderm. Between these dermal and 
gastric layers of the mesoderm is the body- cavity, or perienteric- 
cavity (coelom), in which a fluid, to be regarded as the nutrient 
fluid, is collected. When morphological elements are found in this 
fluid, they are derived from the cells of the mesoderm. This fluid 
is not at first exclusively nutrient ; it also subserves locomotion, by 
swelling out different parts of the body at the will of the animal. 
An important function of this kind is also played by the water, which 
in many cases is taken into the coelom from the exterior. 

The movement of the fluid in the general cavity of the coelom is 
at first effected by the movements of the body. Contractions and 
expansions of the body- wall cause the fluid which is shut in by the 
dermo-muscular tube to continually change its position ; this may 
be regarded as the lowest form of a circulation of the blood. 
In this case the passages have not special walls, nor are there any 
special arrangements for regulating the circulation. 

This simple condition persists in many divisions in which the 
coelom is developed (Bryozoa); in others canalicular cavities arise, 
which are arranged regularly, and have the form of vessels, and 
may undergo further complications. Their contents form the haemal 
fluid or blood (Nemertines), When in addition to these vessels 
a perienteric-cavity is formed, the vascular system, which is partly 
enclosed in it, is either completely shut off from it (many Annelida), 
or is placed freely in communication with it at one or more points 
(Mollusca, Arthropoda, Vertebrata). In the latter case the 
vascular cavities must have arisen as portions of the body-cavity, 
while in the former case the body-cavity was not formed until after 
the vessels. The formation of the body-cavity is therefore, in the 
case exemplified by the Annelids, to be regarded as a secondary 
process ; and the formation of a hollow space in the mesoderm has 
accor^gly led to two different results successively; on the first 
occasion to the formation of blood vessels, on the second occasion to 
the formation of a body-cavity. 
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§ 44 . . 

Certain portions of the hollow cavitary system, which forms the 
haemal passages, are converted into contractile vessels by the 
development of muscles in their walls. The earliest circulatory 
system arises by these producing by rhythmical action the regular 
in-and-out flow of the blood. But the direction of the stream of 
blood is not yet constant ; it can be driven first to one side and then 
to the other. The portions of the vascular system which are dis- 
tinguished by their greater contractility are sometimes extended 
over a large surface, and sometimes limited to shorter parts. They 
are the beginning of the formation of a heart. 

The heart is therefore an organ differentiated from the blood- 
vascular passages, and in its simplest form is a portion of the vessels 
which is able to move its contents in two directions. It is only 
when valves appear at the ostia of the cardiac tube, that the 
direction of the flow is defined ; the structure of the heart thus be- 
comes complicated, and is further elaborated by being divided 
internally into separate portions (ventricles and auricles). Contractile 
organs of this kind often appear as the only differentiated parts of 
the blood- vascular system, formed from the cavity of the ccelom. The 
blood passes directly from the heart into lacunar portions of the 
coelom, between the different organs, and from thence back again 
to the heart (Arthropoda), or there are definite vessels going off 
from the heart, which sometimes traverse the body in the place of 
tho hollow cavity, or only partially replace the lacunar passage, 
in that they do not on their way back to the heart reach it as 
vessels, but into lacunar spaces. In this case the cavity of 
the coelom shows itself as a portion of the blood passage, which is 
only partly represented by true vessels (MoUusca). YHiere the 
vessels are completely developed and the heart differentiated, the 
vascular system is divided into three parts. That which leads from 
the heart and distributes the blood in the body is called the arterial, 
and its vessels arteries. The passage which takes the blood back 
to the centre of the circulation is formed by the veins, and the 
part of the passage which lies between the afferent and efferent vessels, 
forms a network of extremely fine canaliculi (capillaries). This 
intermediate portion is very frequently replaced by a lacunar system, 
in which case the greater number of the venous passages also have 
no special walls. 

It is very often diflS.cult to say what should be regarded as a 
vessel and what as a lacuna, and the distinction often depends on 
very unimportant points. It is not suflicient to say that the essen- 
tial character of a vessel is the investment of a cavity by flattened 
elements derived from modified connective tissue, for these elements 
might just as fairly be regarded as the covering of the other organs 
which wall in these spaces ; it is therefore questionable to call wide 
internal cavities, invested by such cells, ^^vessels.^^ This cannot 
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indeed be regarded as tbe sole criterion, and it should only have 
weight when considered together with the greater or less regularity 
of the lumen. But in examining this question we must bear in 
mind one thing ; namely, that in all these cases we have to do with 
spaces which are walled in by connective substances, and that 
vessels are differentiations of these spaces, and therefore presui)pose 
an indifferent condition. Between the two stages, the differentiated 
and the undifferentiated, there are all kinds of intermediate steps. 


k) Eeproductive Organs. 

§ 45 . 

The phajnomenon of the multiplication of the individual is 
primitively closely connected with nutrition. Not only is nutrition 
the cause of the growth and consequent increase in size of the body, 
but it gives rise to a condition in which the organism converts the 
excess of nutrient material brought to it into the means for pro- 
ducing a new individual. In the lower forms, as in elementary 
organisms, a process beginning with gemmation, and leading on 
to fission, is a very common phasnomenon. The manner in which 
multiplication is effected varies with the amount of material which 
is used by an organism in producing a new organism. 

The phenomena of multiplication by gemmation and spore-for- 
mation, which are so common in the lower divisions of the Inverte- 
brata, have some relations to sexual differentiation, which indeed 
docs occur among the Protista. It is derived from a stage in which 
two similar germ-cells fuse to form a new organism (Conjuga- 
tion). As the two uniting cells become gradually dissimilar they 
become distinguished into egg- cells and sperm-cells; these are 
the morphological elements of the sexual reproductive matter 
throughout the whole Animal Kingdom, notwithstanding their 
numerous modifications, which are seen most markedly in the 
seminal cells. While the ovum retains its most essential characters, 
and can be recognised as such in every division, the seminal cell 
very early undergoes considerable changes. Like other cells it gets 
a flagellate process, which may be greatly developed, while the cell- 
body and its nucleus are so reduced that they ordinarily form a 
structure of no great size. In this way filamentous structures — 
spermatozoa — are formed from the seminal cell. Sexual Eepro- 
duction, then, does not exhibit a real contrast to the asexual. 


§ 46 . 

We do not exactly know in all cases wliat are the relations 
totween the place where the reproductive matters are formed and 
the early rudiments of the body, but from what has been observed 
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in certain Coelenterata and MoUnsca we may suppose that primi- 
tively the relations of the two are very different, for in these forms 
the ova are derived from the endoderm, and the sperm from the 
ectoderm. The endoderm is, therefore, the female, and the ectoderm 
the male germinal layer. But it is not yet known how far these 
relations obtain among the higher animals. As yet there are only 
uncertain indications, but these speak to a general agreement with 
the results already obtained. 

The parts of the body which are set apart for the formation 
of the sexual products gradually take on the form of glands. This 
is a further step in differentiation, and is connected with the local- 
isation of the function. 

In the simplest cases the two kinds of generative products are 
formed in special parts of the body, which function as sexual organs 
(reproductive glands ) ; but these parts are not at first distinguished 
by any special characters. The organs which produce the semen are 
called testes, and those which produce ova, ovaries. Going a 
step further, we find the reproductive glands still further differen- 
tiated. In their simplest condition the products of these organs 
merely break away from the spot where they are formed, and pass 
into the digestive sac, or into the body-cavity, or even directly to 
the exterior. Gradually, however, ducts, which are often very com- 
plicated in character, are added on ; it is probable that these ducts 
are not primitively connected with the germinal glands. Where 
these ducts can be seen to have any relations to other organs, these 
appear to be excretory organs (§ 40) which have entered into the 
service of the genital organs, and have been altered so as to 
correspond to this function. It becomes a great question whether 
the excretory ducts of tho reproductive matter are not in all cases 
excretory organs. Eeceptacles which serve for the collection of 
the sperm are formed on the outlet-tubes (seminal ducts) of the 
organs which produce the sperm; from the wall of these canals 
glands are differentiated, which secrete a fluid to be mixed with the 
sperm ; finally, there are arrangements for passing the sperm into 
the system of the other sex (copulatory organs). The differen- 
tiations of the egg-forming organ are no less varied; the duct 
(oviduct) of the ovary is provided with dilatations, in which the 
ova get special envelopes, or are further developed. These portions 
of the oviduct are called the uterus. Special glands, Yolk 
glands, are formed from the ovary, and secrete a substance which 
is either taken up by the ovum or which merely forms an envelope 
for it. Appended organs receive the semen which is passed in 
copulation, and are known as receptacula seminis; lastly, other 
parts serve for the reception of the copulatory organ, or for the 
deposition or preservation of the ova. 

The relation of the egg-forming and sperm-forming organs to 
one another varies greatly, and must be considered from the stand- 
point of dSfferentiation. In the lower divisions organs of both 
kinds are united with one another, sometimes in such a way that one 
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and the same gland produces both semen and ova (hermaphrodite 
gland). The ducts, also, are often more or less common to them 
both. But in other forms the genital organ is divided, the products 
of its two parts being different; testes and ovaries, that is, are 
present as separate organs, the excretory organs of which only are 
united more or less extensively; or each of them may have its 
separate orifice. All those animals which unite in themselves both 
kinds of reproductive organs are known as Hermaphrodites. 
A separation of sexes is apparently foreshadowed in various forms, 
by the alternating activity of the organs, at one time the egg- 
forming and at another time the sperm-forming organ exercising its 
function. 

The hermaphrodite stage is the lower, and the condition of dis- 
tinct sexes has been derived from it. This change is due to the 
decrease in size of one or the other organ, so that hermaphroditism 
is the precursor of sexual differentiation. This differentiation, by 
the reduction of one kind of sexual apparatus, takes place at very 
different stages in the development of the organism, and often when 
the sexual organs have attained a very high degree of differentiation. 
In these cases ontogeny exhibits the two kinds of organs primitively 
united, and so causes the individual to be hermaphrodite at a certain 
stage in development. 

The separation of the sexes affects the whole of the organism, 
for it produces a series of changes in each sex, which affect organs 
that had primitively little to do with the sexual function. Sexual 
differentiation is completed when the two kinds of organs are 
given over to different individuals. Thenceforward for reproduction, 
not only two different substances, semen and ova, and two different 
organs for producing them, are necessary, but also two individuals ; 
these are distinguished as male and female. 


Changes in the Organs. 

Development and Degeneration, 

§ 47. 

The result of the continued differentiation of a given organ is a 
complication by* which the organ is removed proportionately further 
from its primitive condition. As the primitive condition is the lower 
differentiation, it entails a perfecting corresponding to a higher con- 
dition. This is clear on the principle of division of labour, which is 
the cause of all differentiation (cf. § 12). In obedience to this law 
function can be, the more perfectly carried out, the more exclu- 
sively the organ is related to that function. The more an organ is 
exercised for one function only, the more suitable are the conditions 
for its development in one direction, for there is no competition with 
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other directions of development. A limb which is a gill too, that is 
which has both locomotive and respiratory functions, is of a lower 
CTade than an arrangement resulting from a division of the two 
functions, in which a part separated off from the appendage repre- 
sents a gill, and the rest an organ of locomotion. When the functions 
are united, locomotion is necessary for respiration, but when they 
are separated, they are independent of one another, and respiration 
is effected without the aid of locomotion, by the development of 
special organs for changing the water, these organs so far taking 
the place of locomotion. In both organs the independence which is 
necessary for their further development in one direction is gained. 

The organs of the body are not always developed to the same 
extent. One or another often remains in a lower condition, and so 
retains its more lowly character in an otherwise highly differentiated 
organism. It is not therefore wise to draw any conclusions as to 
the extent of the differentiation of single organs from that of the 
organism itself; it is better to judge organs by comparing them 
with equivalent organs in other organisms. 

The real factor in the development of an organ by differentiation 
must be sought for in the increased or modified function of the organ 
in the struggle for existence, that is in its adaptations to the ex- 
ternal conditions of life. It is hence that transmission acquires its 
importance, since it not only causes a perpetuation of inherited 
characters, but is enabled to effect an elevation in those characters. 

Degeneration or reduction is another constant phaenomenon 
which is dependent on differentiation, inasmuch as it presupposes it. 
Its result is, in itself, the exact opposite to that of differentiation. For 
while differentiation ^is the cause of complications, reduction is the 
cause of simplifications of the organism, and is therefore the cause 
of organs or of organisms passing to a relatively lower stage. With 
regard, however, to the general organism, and its relation to other 
organisms, it produces the same effect as differentiation, for it leads 
to variety in form. 

Reduction, like differentiation, varies in degree ; it may affect 
separate portions of the body, or groups of organs, or finally the 
whole’ of the body. It is different, again, according as it affects 
the individual, the species, or the genus. In one case it may be 
seen to be a definite process, in another a condition, which can only 
be assigned its place as one of the several stages of such a process 
by the aid of a comparative series of allied forms. It may affect 
organs in two different ways. The affected organ may be in- 
dependent of the general arrangements which obtain in the de- 
veloped organism to which it belongs, and then reduction has but 
a transitory or provisional signification. Reductions of this kind 
during the course of the development produce simplifications, but as 
the differentiation which is going on in other parts may be producing 
new and higher organs, this reduction does not hold the organism 
back, but is a cause rather of the progress of differentiation in 
another direction. The reduction of parts which belong to certain 
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developmental stages in the individual are examples of this kind of 
reduction (Larval organs). (Of. § 6.) 

The other kind of reduction affects organs which belong to the 
developed organism or its rudiments. It may affect the fully 
formed and completely functional organ as well as one just laid 
down, and in the primary state of differentiation. The process of 
reduction is seen therefore in various degrees of intensity: The 
process is often difficult to perceive amid the various other processes 
of differentiation which are affecting the rest of the organism when 
the organ affected is only just making its appearance : the further, 
however, differentiation has gone, the more striking must the 
process be. 

The reduction of an organ is necessarily connected with its 
function, a change in which must be regarded as the cause of the 
reduction. Loss of function produces retrograde changes in an 
organ, but of course neither process is a sudden one. 

Although reduction is, on the whole, the cause of the simplifica- 
tion of an organ, and therefore of the organism also, it is not a 
phaenomenon which makes the organism absolutely lower in degree. 
Reduction may rather lead to a higher differentiation, as it does when 
larval organs are removed ; it may give rise to higher forms even in 
whole series of organisms derived from one another, by facilitating 
the higher development of those not affected by it. In this case 
again reduction precedes differentiation. This is strikingly seen in 
the numerical relations of parts, which become individually more 
perfect as they diminish in number. 

As reduction is a gradual process, the organs which are affected 
by it may be met with in various stages. These rudimentary 
organs are most significant indications of genetic relations, while 
they at the same time show us how an organ which has lost its 
primitive function, and which may even have no intelligible signifi- 
cation as regards the purposes of the organism, may persist for 
a very long time before it completely disappears. (Cf. supra, § 6.) 

Reduction may affect every organic system and be observable in 
every part of it. It is expressed in the form as well as in the size 
and number of the parts, and even in their histological characters. 
Its conditions are to be sought for, first of all, in the relations 
which alter the organism. According to the number of organs 
affected, reduction is more or less manifest in the organism as a 
whole. 

Inasmuch as comparison everywhere reveals to us evidence of 
either progressive or of retrogressive change, we may regard the 
organism as a thing caught in the act of moving, as arrested in 
the midst of a career tlmough the most diverse ranges of form. 
The changes of the various organs, and the phaenomena which are 
observed in the elementary structure in the cell, are what make up 
this movement. 
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Correlation of Organs. 

§ 48 . 

The changes in the organism which are due to differentiation 
and reduction are the cause of a fresh series of phaenomena in the 
factors which gave rise to them. From the conception that life is 
the harmonious expression of a collection of phaenomena regularly 
conditioned, it follows that the activity of an organ cannot be 
regarded as really existing for itself alone. 

Every kind of arrangement presupposes a series of other arrange- 
ments; every organ, therefore, must have intimate relations with 
the rest, and be more or less dependent on others. Every move- 
ment in a muscle presupposes the existence of a nerve ; and both 
of these organs presuppose the existence of a nutrient system. 
In this way one function^ has an intimate connection with other 
apparently dissimilar functions. This relation, which was first defi- 
nitely pointed out by Cuvier, and which is known as Correlation, 
shows us the road by which we can attain to a correct appreciation 
of animal organisation. By far the most important point is the 
conception of the organism as an individual whole, which is as much 
conditioned by its parts, as one part is conditioned by others. 
Correlation is a necessary result of this conception. 

Not only the general arrangements of the organisation, but also 
its apparently more subordinate features, exhibit intimate relations 
with one another, and a change which affects one system of organs, 
simultaneously produces modifications in some of the other organs. 
These are adaptations to changes, which themselves are due to 
adaptations. They are, however, of a secondary character, while 
those which are of a primary character have their origin in the 
outer world. 

Correlation may be divided into the more and the less remote ; 
where less remote it is expressed in one system of organs or in 
other systems functionally connected with this ; when more 
remote, in organs which are functionally less related to it. Physio- 
logical principles are essential in the investigation of correlation, 
and it is necessary, therefore, to know what are the functions of 
separate organs, or at least what their value is in the animal 
economy, in order to be able to recognise it. So, too, it is of im- 
portance to know what are the habits of the animal, for the original 
forces, on which the various relations of the organs depend, are due 
to them. 

As the forces which cause changes in the organism either lie 
without the organism, or, as most of them, are to be sought for 
without it, they do not come within the scope of our work. Com- 
parative Anatomy, therefore, is limited all round by a wide but 
• uncultivated region, in which rich harvests may be gathered for 
biological science, whenever its treatment is taken in hand. 
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Fundamental Forms of the Animal Body. 

§ 49. 

Owing to the infinite variety of the external characters of animal 
organisms, it is necessary to seek for fundamental forms to which 
this variety may be referred. We must also ascertain the con- 
ditions which influence and give rise to the most important modifi- 
cations of these forms. These results may be obtained in different 
ways. We will choose the shortest by commencing with the lowest 
stage of the animal organism. 

This is the stage which the Gastrula form presents to us ; by its 
wide distribution this form will provide us with the characters which 
are best adapted for our purpose. An organism at this stage is some- 
what spherical or oval in shape, and the mouth 
will be found at a point on the surface. 

If we imagine an axis (Fig. 16,-415) drawn 
straight through the digestive cavity, the pole 
corresponding to the opening of the mouth 
represents the oral, and the opposite the aboral 
pole. This axis (AJ5)’is the primary axis 
of the body. In a body of a regular cylin- 
drical or spheroidal shape we can imagine as 
many lines as we please drawn through the 
body perpendicular to this axis. (Secondary 
axes, ah, cd,) In this instance they are all 
equivalent. The secondary axes are in this 
case indifferent to one another, and are cha- 
racteristic of a lower condition. The organism, 
either when moving freely in the water, or 
when fixed (by the aboral pole, of course), as 
it afterwards is, is differentiated by the develop- 
ment of a certain number of secondary axes, 
their development having relation to the main- 
tenance of the balance of the body. We here. 
Fig. 16 . Dia^am of then, have to do with a statical cause. The 
al; development of the organism along its secon- 
cd Secondary axes. The dary axes takes place through the development 
lower figure is a trans- of external appendages, tentacles and the like, 
OF through differentiation of the enteric cavity, 
two secondary axes. or through the laymg down or other organs 
(such as the generative glands) in the direction 
of those axes. In consequence all the conceivable secondary axes 
are no longer equivalent. Those along which organs are differentiated 
are distinguished from the rest. They have passed, in fact, from the 
previously indifferent condition to a differentiated one. The so- 
called radiate fundamental-form of the body which is commonly’ 
found in the Coelenterata, arises in this way, as may be seen by 


A 




FUNDAMENTAL FOEMS. 


69 


studying the relations of the axes to one another, as explained 
above (of. Pig. 17). The importance of the month to the organism 
causes the differen- 


tiations which obtain 
around it to have a 
special value. These 
differentiations are de- 
veloped as tentacles 
of various form, and 
cause the parts around 
the mouth to be much 
more varied in cha- 
racter than those at 
the aboral pole. 

If the body grows 
in the direction of its 
primary axis, without 
becoming attached to 
the ground, the axes 
may acquire modified 
importance if locomo- 
tion in the direction of 
the animaPs length be 
established. The pri- 
mary axis will remain 
as before, but the 
secondary axes will 
necessarily differ ac- 
cording to the signifi- 
cance of the surfaces 
which they connect. 
When one and the same 
surface always touches 
the supporting object, 
it becomes the ventral 


A 




Fig. 17. Eadiate fun- 
damental form ; letters 
as in Fig. 16. The an- 
terior surface of the 
body is seen in the lower 
figure, and shows the 
appendages (tentacles) 
which are differentiated 
along the two transverse 
axes. 






Fig. 18. Diagram to show 
the differentiation of the 
secondary axes. In the 
upper figure a cephalic 
portion is indicate by 
the development of a pair 
of dorsal tentacles. The 
lower is a transverse sec- 
tion of the upper figure, 
and the secondary axes 
are consequently seen in 
it. 


surface, and the oppo- 
site one becomes the dorsal. These two surfaces, the dorsal and 
the ventral, are placed under different conditions, and must therefore 
be differentiated in different ways, while the two sides, or — when 
the body is perfectly flattened out — the two lateral edges necessarily 
come to differ in character from the dorsal and ventral surfaces. 


Such cases are instances of the development of only two^ 
in equivalent secondary axes. One connects the ventral and dorsal* 
surfaces, and is the dorso- ventral axis (Fig. 18, a 6), the other 
connects the sides (c d) of the body, and is the transverse axis. The 
surfaces which correspond to the poles of the first or dorso-ventral 
axis are not, while those which correspond to the poles of the 
transverse axis are, equivalent. A primitive condition which has 
disappeared in the dorso-ventral axis in consequence of the differen- 
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tiation of its surfaces, is retained in the case of the transverse axis. 
This, the second form, which can be derived from the Gastrala, and 
is ordinarily known as that of bilateral symmetry, first appears in 
the Vermes, and prevails in all the divisions above them. 

When the secondary axes of the body retain their primitive 
indifferent character, we may imagine that there are as many similar 
pieces in the architectural composition of the body as there are 
possible secondary axes. But when the secondary axes become 
differentiated, the divisions of the body take on a definite numerical 
relation. They are known as antimeres. If two secondary axes 
become differentiated, and are like in character, we have four 
antimeres, for we can divide the body into four similar parts, along 
these secondary axes. But when two unlike secondary axes are 
differentiated the body is only made up of two antimeres ; two 
halves of the body, distinguished as right and left, are the parts 
corresponding to one another. In this way the eudipleural funda- 
mental form is developed. 


§ 50 . 

The differentiation which marks off the oral from the aboralpole, 
and which has been already mentioned, gives a higher significance to 
the former region of the body. This differentiation asserts itself in 
other forms, as in the primary radiate form, and in very various ways. 
It is not only the presence of the mouth, which favours the 
differentiation ^ of organs around it, as organs for aiding in the 
prehension or ingestion of food, but the greater significance of the 
anterior end of the body in locomotion is also a cause of differen- 
tiation. This part takes the initiative. It has to show the way to 
the rest of the body, and often indeed, to lead it; it meets with a 
thousand foreign objects, which it has to examine, to follow, or to 
avoid. It is therefore exposed to external influences other than 
those which act on the opposite end of the body. The dignity of 
^e relations of this region explains how it is that the mouth is not 
by any means always at the anterior end of the body, and that it 
much more frequently is placed close to or even altogether on the 
ventral surface, without the anterior end of the body being less highly 
developed. The high specialization of the anterior region is caused 
principally by the development of various kinds of sensory organs, 
and therefore of organs which put the organism into relation with the 
outer world; the region moreover often has various organs of defence 
connected with it, and with it is closely connected the development 
of the central nervous system. The whole region thus gets a higher 
value in comparison with the' general organism, for it shelters and 
carnes the organs which elevate and rule the latter. This anterior 
r^on of the body is therefore called the head, or chief portion, 
liie differentiation of a head seems to depend primarily on the 
posffion of the mouth. This directs the course of movement, and 
to this, as a secondary cause, the anterior part of the body owes its 
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various distinctions. The appearance of a head is at the same time 
a result which affects the whole body, for the body can now be 
divided into two portions at least, which differ in character. 


Metamerism of the Body. 

§ 51 . 

The planning out of the individual organism as a single struc- 
tural entity is only characteristic of lower conditions of development, 
whether permanent, as in nearly all Coelenterata and in the lower 
classes of Worms, or transitory, as in the higher divisions of the 
Animal Kingdom. Simultaneously with the growth of the body to a 
considerable length, we observe the beginning of the division of 
the organism into separate segments, following one on another, 
noticeable externally through the occurrence of separating constric- 
tions, or through the regular distribution of appendicular structures 
or processes of the body, internally represented by the arrangement 
of the organs in the distinct successive compartments of the body. 
We term this segmentation of the body Metamerism; the separate 
segments are metameres. The metamerism which thus breaks 
up the body is only a further example of differentiation. From the 
primitive homogeneous indifferent body a heterogeneous, diversified 
body is developed, and the separate metameres differ from one 
another ; not only are they something new in comparison with the 
earlier condition, but they are also— notwithstanding their resem- 
blance one to another — different from one another, owing to the 
position which each occupies. 

Metamerism is not in all cases, where it is perceptible, exhibited 
with equal clearness. Sometimes it is apparent in this or that 
organ, or system of organs, more than in another, and, again, in 
other organs may be altogether wanting. It is easy to recognise 
very various conditions of the commencement and of the incomplete 
carrying out of the process. Where we find it in fullest develop- 
ment it dominates the whole organism, and is exhibited in all organs ; 
so that each metamere possesses its individual system of organs, 
and particular systems of organs common to all metameres present 
•a special differentiation of their structure in each metamere (ventral 
ganglion chain). In this manner the organism becomes built up of 
many component parts. And hereupon we have to take note of 
conditions in which independent importance is acquired by the 
metameres. Little by little a metamere, in virtue of the elaboration 
of its own set of organs, ceases to be dependent on the total 
organism, emancipates itself from the commonwealth, and gains the 
capability of leading a free existence. To this many pheenomena are 
traceable, which are usually called gemmation (Worms). 
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§ 62 . 

An efficient cause for metamerism may be sought, as has been 
above indicated, in the phasnomena of growth. We can imagine a 
repetition of local outgrowths, resulting in practical advantage to the 
organism, taking place in particular systems of organs simultaneously 
with the elongation of the body. In this way the external meta- 
merism may be brought into connection with the movement of the 
body, which was perhaps the earliest cause of this phaenomenon. 
Many facts point to its being so. In any case there are numerous 
examples of the gradual elaboration of metamerism without all 
systems of organs being at once affected by it. Metamerism has, 
however, a less doubtful origin in its connection with gemmation, 
which is itself a kind of growth. It seems, indeed, in many cases, as 
if gemmation led to metamerism, in such a way that the metameres 
represent buds, which remain connected with the organism, and only 
in some cases attain to a higher stage of individual existence. 
Numerous instances of incomplete metamerism prevent us, however, 
from attributing a general significance to this process, and it cannot 
in any sense be regarded as the sole cause of metamerism. 

Metamerism leads to perfection of the organism. By it 
the organism is enabled to get a larger number of organs, although, 
indeed, they are at first mere repetitions of one and the same 
arrangement. As the separate segments become more independent 
their action becomes more free, till at last the differentiation of a 
larger number of separate organs gives a larger scope for action. 
Differentiation, then, gains ground in every part, and alters the 
organs of the separate metameres in different ways, according as 
their functions become more various. By the development and 
reduction of metameric organs the metameres get to differ in value, 
and become differentiated themselves ; this differentiation is expressed 
externally by the difference in their size and form. This leads to 
the disappearance of the primitive similarity of the metameres. The 
amount, too, of their independence may be lessened, and a number 
of primitively separate metameres may gradually fuse into larger 
divisions. This gives rise to complexes of metameres, in which the 
fact of their being composed of separate units of the body is only 
that often faintly ; sometimes a large, sometimes a 
small number of segments undergo concrescence. This, too, is on 
the whole a cause of differentiation of the organism, as the body 
consists in consequence of some independent and of some fused 
metameres. Finally, metamerism may altogether disappear, and 
the presence of separate organs alone indicate, and that often 
obscurely, the phssnomenon which obtained in the primitive state. 
Every stage in metamerism is therefore a source of variation in the 
external and internal organisation of the organism. 
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Comparison of Organs. 

§ 53 . 

The variations in organisation among the various krger and 
smaller divisions of the Animal Kingdom are such as to lead us, at 
first sight, to perceive the points of difference rather than those of 
agreement. And this is more marked in proportion to the diver- 
gence between the particular divisions compared. It is, however, 
the business of Comparative Anatomy to follow out the changes in 
the organisation, and to discover what is similar in the changed 
and metamorphosed forms, however deeply hid it may be. An 
organ may be similar to another in one of two ways. Either 
in its functional relations, that is from a physiological point of 
view ; or in its genetic and therefore anatomical relations, that is 
from a morphological point of view. These two relations of an 
organ must be kept well apart. The change of function in one and 
the same organ, as well as the similarity in arrangement of organs 
which are morphologically very different, compels us to ascribe a 
subordinate value to physiological relations, when we are comparing 
organs. The gills of a Fish, of a Crab, and of a Cephalopod, are 
organs of respiration, and have many structural points in common ; 
yet they are very different organs morphologically, as the relations of 
each of the three to the whole organism shows. By insisting on 
similarity of function, we bring together organs which are morpho- 
logically different, and so turn aside from the object of Comparative 
Anatomy. Wo ^stinguish, accordingly, physiological likeness, or 
Analogy, from morphological likeness, or Homology, and only 
consider the proof of the latter as our task. 

The smaller the division to which the objects of comparison 
belong, the more obvious is the homology. Homology therefore 
corresponds to the hypothetical genetic relationship. In the more 
or the less clear homology, we have the expression of the more or 
less intimate degree of relationship. Blood-relationship becomes 
dubious exactly in proportion as the proof of homologies is uncertain. 
It is impossible therefore to say exactly how far homology extends 
throughout the Animal Kingdom, As a matter of fact, numerous 
investigations have discovered a larger number of homologous 
arrangements even in otherwise divergent groups, and have thereby 
extended the boundaries of homology further than was formerly 
thought possible. 

In consequence of the existence of various possible modes of 
morphological agreement, homology is divided into two primary 
groups: General and Special Homology. 
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I. General Homology is under consideration when an organ 
is referred to a category of organs, or when a single organ com- 
pared with another is taken merely as the representative of such a * 
category. These categories always consist of several organs or 
parts present in the body. When we compare the body-segments 
of an Annelid, the vertebrse, or the appendages of an animal with 
one anotiier, we lay the foundations of general homology. ^ This 
again consists of several subdivisions, according to the kind of 
category which is made use of in the comparison. 

1) Homotypy has reference to organs which are fellows to one 
another, such as the organs of the two sides of the body ; the right 
kidney is homotypical with the left, and the right eye with the left 
eye, and so on. Whilst these examples may not show the necessity 
for the formation of this division, it should be noticed in addition 
that homctypical organs have not always the same characters. They 
are often so changed that their homotypy cannot be recognised, 
and has to be worked out. 

2) Homodynamy (equivalent to the general homology of Owen, 
and partly also to his serial homology) subsists between parts of 
the body which are affected by a general morphological phaeno- 
menon serially expressed in the organism. Homodynamy is dis- 
tinguished from the next subdivision by the fact that the parts 
in question are arranged along the long axis of the organism and 
define its type. The metameres therefore are homodynamous parts ; 
as are the segments of the Arthropoda, the primitive vertebrae of 
the Vertebrates, etc. 

3) Homonomy. This describes the relation to one another 
of those parts which are arranged along a transverse axis of the 
body, or in one segment only of its long axis. The rays of the 
pectoral and pelvic fins of fishes, the individual fingers and toes 
of the higher Vertebrata are homonomous structures. 

Besides these there are other subdivisions of general homology 
distinguishable, which are however of very subordinate importance. 


§ 55. 

II. Special Homology, Homology in the restricted 
sense. This is the name we give to the relations which obtain 
between two organs which have had a common origin, and which 
accordingly have also a common embryonic history. As exact 
proofs of genetic relations are necessary for the investigation of 
special homologies, this mode of comparison is generally limited 
in the lower divisions of the Animal Kingdom to systems of organs ; 
it is only in the Vertebrata that it is possible to extend this method 
to more minute features. " Thus among the Vermes or the Mollusca 
we can hardly indicate, with any certainty, particular parts of 



the alimentary canal as homologous; -while in the Vertebrata. we 
can confidently assert that even such unimportant structures' as 
the C80ca of the intestine from the Amphibia onwards are honio- 
logous. The homologies of the parts of the skeleton, which are the 
organs that have been investigated with the greatest exactness, are 
those which can be most definitely recognised. It is a large part 
of the main task of Comparative Anatomy to prove special homo- 
logies. 

Special homology must be again separated into subdivisions, 
according as the organs dealt with are essentially unchanged in 
their morphological characters, or^re altered by the addition or 
removal of parts. I therefore distinguish — 

1 ) Complete Homology, when the organ referred to is 
unchanged in position and connection, and is still perfect however 
much modified in form, size, and various other points. This kind 
of homology is generally found within the limits of small divisions, 
less often in larger ones. For example, the bones of the upper 
arm from the Amphibia to the Mammalia, the heart of the Amphibia 
and EeptiHa, etc., exhibit complete homology. 

2 ) Incomplete Homology. This consists herein, that an 
organ which is otherwise completely homologous with another, has 
other parts which are wanting in the latter added to it, or conversely, 
when an organ is wanting in some essential part in comparison with 
another organ. The heart of the Vertebrata may serve as an 
exanmle. The organ is homologous throughout the division from 
the Cyclostomi onwards, but the homology is incomplete; for in 
Fishes a part, the venous sinus, which in the higher divisions is 
taken into the heart, and which in the Mammalia is absorbed into 
the right auricle, lies outside the heart. The homology between the 
heart of the Fish and of the Mammal is consequently incomplete 
owing to addition. In another case it may be incomplete owing 
to diminution. The reverse of the previous case may serve as an 
example, were it allowable to regard the heart of the fish as a 
reduced one. An example is presented by the pectoral fins of 
fishes. The skeleton of this organ in the Ganoidei or Teleostei 
is, owing to reduction, incompletely homologous with that of the 
Selachi. Parts have in this case disappeared which did primitively 
belong to the organ, just as in the former case parts, which although 
they were primitively present did not belong to the organ, were 
added to it. 


Systematic Classification of the Animal Kingdom. 

§ 56 : 

In the general organisation of every animal we recognise a 
number of arrangements which it has in common with a greater or 
less number of other animals. These relations are partly of a more 

F 



, COMPARAim: AKATOMY. 

IMlMriA nfiAtn^ lii&otiiig the position or arrangeinent of the most 
systems of organs^ and partly they afiect Ihe special 
Usmopment of indmdual organs; they extend to agreement in 
form^ sizOj and nnmher. The classifying spirit of man hsts formed 
definite conceptions of these relations ol organisms to one another. 
All those individuals "which agree in essential points he has called 
a species^ and has united into a genus those species which resemble 
one another in a number of points ; these again he has umted into 
larger divisions, families, orders, and classes. Thus arose the 
zoological system, which, in so far as it unites what agree, and 
separates what differ, has come to be the expression of our general 
knowledge of the Animal Kingdom. 

In this way the whole Animal Kingdom can be broken up into 
several large divisions, each of which differs from the rest by a 
number of special characteristics. The essential character may be 
recognised in all the subdivisions, and even under great individual 
variations. This has been called the "type.^^ The type then 
means a collection of characteristics which are express^ in the 
organism, and which are predominant in a large division of the 
Animal Kingdom, and which are evident in the course of develop- 
ment as well as in the adult condition. Such larger divisions which 
differ from others in certain fundamental points of organisation are 
themselves called types.^^ 

Within each type we note a variation in the characters of the 
divisions which make it up, and this often to such an extent that 
what is characteristic of the type appears to be lost in some forms. 
In this case it is always individual development which enables us 
to recognise the connection of these forms with the type.^^ 

If we admit that similarity of organisation in different individuals 
is explicable by the fact that they have a common ancestor, and that 
therefore these similarities are due to affinity, we must regard less 
close similarities as due to a less close relationship. We therefore 
regard the individuals which belong to one species as more closely 
allied than are the representatives of different species, and within 
the limits of one species we shall again derive from common ancestors 
those individuals which are distinguished by special characters, and 
which we unite into a sub-species. 

No one has any hesitation in recognising within the limits of 
small groups of individuals the phasnomenon of the continuation of the 
peculiarities of a given organism into other individuals by means of 
transmission ; indeed it is often possible to perceive, by direct ob- 
servation, that descendants are like their ancestors. By extending 
this conception of aflBinity to a wider circle, and regarding what is 
common in organisation as due to a common descent, and what is 
divergent as due to adaptations, we take our stand on the theory 
of Descent (cf. §§ 4 and 5). We consequently regard the large 
divisions known as ^Hypes,^^ as phyla, or leading branches of the 
genealogical tree, and by so doing point to the cause which has 
determined their existence. 
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Within one phylum a form of animal organisation is evolved 
along the n^t varied lines^ which gradually lead from the simple to 
the more complex^ and from the lower to the higher. The categories 
which we distinguish as species^ genera, families^ orders^ and 
classes are due to continued differentiation. These subdivisions 
correspond to the ramifications of the branchj, and in them the 
divergence of character is expressed. 

The differences between the classes^ orders^ and so on^ are so 
great that they do not seem to have any connecting links at all, but 
we must take into consideration the fact that in living forms we 
have before us only the final offshoots of developmental series of 
organisms, which have been ramified in very various ways, and 
which lived in earlier and often very far-distant periods, and which 
have gradually disappeared. The palaeontological record proves 
this partly, though it may be but very slightly. In the strata of the 
earth remnants of forms which have disappeared, and which were 
the predecessors, and, in fact, the direct ancestors, of later living 
organisms, are preserved. Inasmuch as the living forms are but a 
small portion of the whole world of organisms, which has existed in 
the course of geological periods of development, we cannot expect 
that far-distant connections should be always evident, the inter- 
mediate steps determinable, and the genealogical connection made 
clear and indubitable. It is necessary to try and put the whole 
together out of fragments and to find lost traces of continuity. 
The most important part of the business of Comparative Anatomy is 
to find indications of genetic connection in the organisation of the 
Animal body. 

Following out this conception we have to represent to ourselves 
a developmental series of organisms arising in each phylum from a 
primitive form, which has been, during geological development, 
differentiated into many branches and twigs, most of which have 
disappeared at different periods, while some, greatly changed 
though they may have been, have lived on until to-day. The 
general character which has remained in these various stlages of 
differentiation, and has been transmitted, with modifications, from 
the stem-form, is what is typical in the organisation. 

§ 57 . 

It is not always possible to prove, to the same extent, in all of 
the large divisions which are regarded as types, the common ancestry 
of the forms which belong to it. It is in fact very probable that 
several divisions have had a polyphyletic origin, in which case the 
organisms which belong to them must be united together for reasons 
other than genealogical. Such divisions cannot be regarded as phyla. 

We meet with such relations in the lowest forms, in the 
boundary-territory between Animals and Plants. It is difdcult to 
find a boundary line, for there are organisms which seem to belong to 
one as much as to the other Kingdom according to the phsenomena 

p 9 



68 COMPAEATIVE ANATOMY. 


’^0 ifAicli they gtre rise* The idea of a boundary line presupposes a 
i^M31y«defined conception of Animal and Plant. .The characteristic 
m the or^taism may be taken to be that difEerentiation affects 

the whole organism. This differentiation consists in its division into 
two layers, which have been already (§28) called ectoderin and endo- 
fferm, and from which the germinal layers of the higher divisions are 
derived. But the exclusion of all the lower organisms, which do 
not undergo this division from the Animal Elingdom, would put out 
of our scope many phasnomena which are of great importance, if 
we would understand animal organisation. Although it might be 
best to regard this world of lower and very varied organisms as a 
special Kingdom placed between the Animal and the Vegetable, and 
containing the beginnings of both, that of the Protista, yet we, 
as our work embraces the connections between animals and these 
lowest organisms, must enter into a consideration of them. Wo 
therefore unite a number of those divisions of the Protista, which are 
more nearly related to animals than plants, as the Protozoa. As 
their genetic relations to one another are altogether unknown, the 
division which is formed by these organisms cannot be regarded as 
a “phylum.^^ Nor is there a type common to them all. We there- 
fore regard them as lower organisms, which are the nearest of the 
Protista to Animals, and we must compare them, not with the 
separate divisions of the higher animal organism, but with them 
all together. This compels us to unite the latter into a single 
group, which has been called the Metazoa. 

The Protozoa and Metazoa are not so very sharply marked 
off from one another. Not a few of the Protozoa are known to be 


composed of a number of cells. It is the arrangement of cells in 
layers of definite physiological value which characterises the metazoic 
organism. This seems to take place very gradually, and at first 
the layers are incomplete. We find representatives of this in the 
parasitic Dicyemidse, which live in the so-called veinous appendages 
of the Cephalopoda, and deserve to be specially mentioned. A 

germinal cell gives rise to a number of cells 

§ by division, among which a single large 
cell becomes surrounded by a number of 
smaller cells, which form a continuous 
layer. 

The central cell represents the endo- 
derm, and is covered by the peripheral 
layer, which represents the ectoderm at all 
- but one small spot, (Pig. 19.) The endo- 

Fig. 19. Fig. 20. Vormi- dermal cell elongates considerably, and 
2SS ^ protopU™ diflerentiated m 

Dicyema (after E. van various ways. It forms the groundwork 
typuB. Beneden). of the elongated body, and remains covered 
by the ectddermal cells, which also grow, 
without however multiplying very much; these give off fine cilia, 
and form the protective and locomotor organs of the body, while 


Fig. 20. Vermi- 
form embryo of 
Dicyema typus 
(after E. van 
Beneden). 



THE DICYEMID-ffi, 


the endodermal cell in the axis of the body becomes an organ of 
nutrition^ and takes on the function of repro- 
duction^ for the germs of young forms are found 
in it of two different types. 

The organism of Dicyema is thus seen to be 
two-layered, and the two layers have different 
functions ; the inner one is morphologically least 
differentiated, for it consists of a single cell. 

It is not quite certain whether this corresponds 
to a primitive condition or no, for the parasitic 
life of the Dicyemidae may have been the cause 
of the reduction of a multicellular endoderm. 

But their development is quite easy to make 
out, and in it there is never more than one 
endodermal cell, so that the fact becomes more 
significant. Just as among the Protozoa the 
multicellular forms are allied by intermediate 
steps to the unicellular, from which they have 
been developed, so among the Metazoa does 
Dicyema exhibit to us tho commencement of the 
separation of the body into cell-layers, and 
although the arrangement is not as perfect as it 
is in the rest, yet it is in the same direction as 
that which in them arrives at full expression. 

Van Beneden, Ed., Recherches sur les Dicyemidi©. Bull. 

Acad. Belg. xli., xlii;, 1876. 


^ I- Q Fig. 21. Vermiform 

V embryo of Dicyema 

. -I 1 - 1 ,. •IT • 1 typus. n Nucleus of 

Passing over tho Dicyemidse, I recognise the the endodermal ceil 
following divisions of the Metazoa : Bene- 

1. Coelenterata, 

2. Vermes, 

3. Echinoderma. 

4. Arthropoda. 

5. Brachiopoda. 

6. Mollusca. 

7. Tunicata. 

8. Vertebrata. 

These divisions represent in a general way separate branches of 
the pedigree of animals, and each of them contains higher and lower 
forms in various proportion. But the degree and extent to which 
their organisation is developed is different in each of them. The 
divergence of organisation expressed in each division is indicated by 
their relations to one another, and it shows us how the lower forms 
of the higher phyla may have started from the lower phyla. These 
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large divisions are therefore arranged in genealogical connection. 
The extent to which each division is separated from its fellows 
varies in each case. The relation of the various large divisions to 
one another is seen in the subjoined tree. 


Vertebrata 



The more exact limitation of the separate divisions, as well as the 
reasons for the genealogical relations here merely indicated, will be 
found in the special chapters. 
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Bibliographical Aids in Comparative Anatomy. 

§ 59 . 

The principal work which is to be recommended as a scientific gtiide to 
the whole of Morphologry, and especially to the questions which 1 have, in 
the foregoing pareigraphs, treated very concisely, and which should be care- 
fully studied, is : 

Haozbl, B., Generelle Morpholoprie der Organlsmen. AUgemeine Gnmdzuge der Formenwisaen- 
schSOT, meohanlBcli be^ndet duroh die von Ch. Dabwiit reformirte Descendenztheorie. 2 Bde. 
Berlin, 1866. 

The following books also treat of Morphology philosophically: 

Leuckabt, R., Dio Morphologic nnd die Verwandtschaftsverhaitnisse der wirboUosen Thiero. 
Braunschweig, 184i8. 

Carus, V., System der thierisohen Morphologic. 1863. 

Bbokit, Morphologische Stndien ttber die Gestaltungsgesetzc der NnturkOrper. Leipzig und 
Heidelberg, 1868. 


a. Compreliensive Works on the whole subject of Comparative 

Anatomy : 

Cuvier, G., LeQons d’anatomie oomparde recuoillies et publidcs par DusciRiL et Duvebjtot. 6 vols. 
Paris, 1708-1806. 

— Legona, etc., rocueiUies et pnblit^os par Dumeeil. Seconde Edition. 8 vols. Paris, 1835-46. 

Mecerl, J. F., System der vergloicli, Anatomie. 6 Bde. Hallo, 1821-33 (incomploto—sexual 
organs wanting). 

MiiirE'BnwARss, H., Lecons sur la physiologie ot I'anatomie compar^e de lliomme et des animanx. 
T.I-XII. Paris, 1867-76. Unfinished. 

Letdig, F., Vom Ban des thiorischen KOrpers. I. Band. 1 Hftlfte. Tubingen, 1864. 


b. Text-books and Manuals of Comparative Anatomy : 

Caeus, C. G., Lehrbuch dor Zootomie. Leipzig, 1818. Second edition, under the title of Lehrbuch 
der vergl. Zootomie. 2 Bde. lieipzig, 1834. 

Wagner, R., Handbuch der vergleichenden Anatomic. 2 Bdo. Leipzig, 1834. New edition, under 
the title of Lehrbuch der Zootomie. 2 Bde. Leipzig, 1843-48. (The second volume, containing 
the Anatomy of the Invertebrata, is by H. Frby and B. Leuckart.) 

V. Siebold and Stannius, Lehrbuch der vergleichenden Anatomie. 2 Bde. Berlin, 1845. Second 
edition under the title of Lehrbuch der Zootomie. Band I. Heft 1 -2, containing the Anatomy 
of Fishes and Amphibia, is all that has as yet appeared. It will bo continued. 

Berquaitn, G., and Leuckart, B., Anatomisch-physiologischo Ucbersicht des Thierrciches. Stutt- 
gart, 1852. 

ScHUiDT, O., Handbuch dor vergl. Anatomie. 7^ Aufiago. Jena, 1876. 

Owen, R., Lectures on the comparative anatomy and physiology of the Invertebrate Animals. 
Second edition, London, 1866. — Of the Vertebrate Animals. Pt. I, Fishes. London, 1840, 

Jokes, Rtmee, General Outline of the Organisation of the Animal Kingdom, and 3£anaal of 
Comparative Anatomy. Fourth edition. liondou, 1871. 

Karting, P., Leerboek van de Grondbeginsolen der Dierkunde in haren gclioelen Omvang. Deel 
I— III. Tiel, 1864-74 (deals also with Comparative Anatomy). 

St. Gxorgb Mivart, Lessons in Elementary Anatomy. London, 1879. (Introduction to human 
anatomy.) 


c. Figures of the Structure of Animals : 

Carub, C. G., and Otto, ErlUnterungstafeln zur vergleichenden Anatomie. 8 Hefte, Leipzig 
1826-62. 

Wagker, R., loones zootomicas, HandaUas zur vergl. Anatomie. Leipzig, 1841, 

ScHiciPT, 0., Hondatlas der vergl. Anatomie. Jena, 1852. 

Carub, V., loones zootomicee. Leipzig, 1857. Firet half (Invertebrata). 

Letpig, F., Tafeln zur vergl. Anatomie. Brstes Heft, Tubingen, 1864. 
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d Comparative Hiatology; 

XoTBift, F., LehrbniOh der Histologle des Henfiohen und der Thiere. Frankfort, 1857. 


e. Ontogeny: 

Fostsb, M., and BalpouBiT.M., The Elemants of Embryology. Parti. Macmillan and Co. London, 
1874. 

K5LI.IKEB, A., EntwickelungBgeBchichte des Menschen n. der hSheren Thiere. Anflage. 1 Haiftc. 

Leipzig, 1876. 

In addition to these works, numerous monographs, treatises and essays, 
contained in the transactions of academies, and other learned societies, or 
Journals of Natural History, Zoology, and Anatomy, should be consulted. 

fThe English student should consult especially the “Journal of Anatomy” 
(Macmillan), dating from 1807, and the “ Quarterly Journal of Microscopical 
Science ” (Churchill), dating from 1863.— B. R, L.] 
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PEOTOZOA. 


First Section. 


Ftotozoa. 

General Review of the Group. 

§ 60 . 

I RECKON among these certain divisions of those organisms which, 
owing to the simpKcity of their organisation, are examples of 
the lowest grades of living forms. The most essential character 
appears* to b^e the absence of organs differentiated for the most im- 
portant functions. The imperfect limitation of this division is due 
to this negative character ; in it, nothing that is typical ” of all its 
members, either in the relation of the body to its morphological 
elements, or in its organisation, can be made out. The want of any 
histological differentiation is a reason for considering the organisms 
enumerated in this group, in company with others, which we are 
wont to regard as lowly plants, as forms of life which stand between 
the Animal and Vegetable Kingdoms. It is on this consideration that 
the plan of uniting all the lower organisms which cannot be regarded 
as Animals or Plants into the Kingdom of the Protista is based. If 
we recognise this conception, it appears unnecessary to form a division 
of the Protozoa.'^ But the knowledge of the stages of organisation, 
which obtain in the Protista, are of such high value for the compre- 
hension of animal organisms, that to pass them over completely 
would not be in accordance with the aim of this book. I have, 
therefore, retained in this place the division of the Protozoa, and 
place in it a number of forms which, by the simple conditions of 
their organisation, and by the low grade of their differentiation, are 
well adapted for giving an idea of the group. 

First of all I exclude from it those forms which have not ai 
nucleus, that is, which do not pass beyond the cytod stage. The) 
development of a nucleus in the otherwise simple protoplasmic body 
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of tihie organism is, when compared with the cytod stage, the ex- 
of a considerable advance, and prevents ns from uniting 
the forms that do possess it with those that do not, whatever other 
|>oi]its of agreement there may be in their protoplasm ; even though 
it is quite clear that in these cytod forms (Monera) we have the 
beginnings of the higher stages. These beginnings vary greatly, 
correspond to separate divisions of more developed foms, and 
make it probable that the latter have had a polyphyletic origin. 

Of the groups of the Protista I regard the Rhizopoda, Gre- 
garinm, and Infusoria as Protozoa. 

There is no permanent limitation of the protoplasmic body in 
the Rhizopoda j their protoplasm sends out varying processes. 
The lowest division is that of the Amoebida0, the organism of which 
is of the grade of a cell. The body is formed by protoplasm and 
a nucleus ; it is ordinarily naked, but it can temporarily surround 
itself with a capsule, or the capsule may be a permanent covering, 
open at one or two points. The organism communicates with the 
outer world by this opening, and by it can extend itself over its 
shell. If there are several nuclei present the organism forms a 
syncytium. The Poraminifera form the second division. It is 
very probable that they all have a nucleus ; and these organisms, 
therefore, are also similar to a cell. But the formation of a covering, 
provided with numerous pores, and often considerably complicated, 
is an indication of a tendency to higher development. The Heliozoa 
form a small group more nearly allied to the next division. The 
Radiolaria, finally, are distinguished from all other Rhizopoda by 
the possession of a central capsule” within the body. The central 
capsule contains a number of nuclear structures; these, indeed, 
render the Radiolaria similar to cells, but their body cannot be re- 
garded as a cell. Another course of differentiation seems to have 
affected them. Further, in some the entire capsular protoplasm 
contains separate cells, which arc regarded by many as structures 
not belonging to the organism (yellow cells). Tho development of 
various kinds of supporting organs gives a peculiar character to the 
Radiolaria. We can make out a largo number of axes in the body, 
by the aid of these skeletons. 

'Tie second division of Protozoa is formed by tho Gregarinae. 
An outer limiting portion surrounding the nucleus, that is a body 
of the grade of a cell, is wanting in the earliest stages only. They 
pass, therefore, through the Cytod-stage. In the mature organism 
an envelope, differentiated from the protoplasm^^thin, can be made 
out; and they give indications of higher differentiations of the 
subjacent layer of protoplasm. An anterior portion is in many 
separated by a constriction from the cylindrical or band-like body. 

The Infusoria form the third large division. I do not, as do 
many, include the Flagellata among them. The body, formed of 
protoplasm, has its external form defined by the differentiation of a 
cortic^ layer. This cortical layer surrounds the more indifferent 
protoplasm^ which may in many cases bo seen to be rotating, and so 
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calls to mind tlie streaming of tlie protoplasm in certain vegetable 
cells. A nucleus, which may be various in form, shows that the 
body of the Infusorian is equivalent to a cell. In some there are 
several nuclei. A higher degree of potentiality is expressed by the 
differentiation of various histological structures in the cortical layer. 
But this does not affect the character of the Infusoria as unicellular 
organisms, so long as they have only one nucleus, if we may suppose 
that the cell is no longer in its indifferent condition. In many forms 
there is a small nuclear structure, the nucleolus, in addition to the 
nucleus. The Infusoria are divided into the Suctoria (Acinita) 
and the Oiliata. The former have definitely arranged fine pro- 
cesses, capable of a small amount of movement, which serve in 
the ingestion of food. The Ciliata are distinguished by an invest- 
ment of cilia ; and subdivisions are formed according to the way in 
which these cilia are distributed over the body. 
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§ 61 . 

As the body of the lowest organisms is formed of contractile 
protoplasm, which changes continually in form, there is no definite 
boundary to the body, nor any kind of differentiated integument. 
We see the bodies of most of those Protista, which are not provided 
with an envelope, alter in contour, just like the indifferent cells of 
higher organisms ; processes of the protoplasm are extended from 
different points at different times, and the rest of the body flows 
after them. Thus, as the body moves, there is always a change in 
its surface, so that a particle of its substance, which at one moment 
is found in the interior, may at another moment enter into the 
formation of a process. The processes, Pseudopodia, have some- 
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fifuft ft tlie appearance ci broad lobate prolongations (Fig, 22) 
separated £r<an one another by shallow depressions ; sometimes they 

flcHWfc out as delicate, sometimes ;as 
. g wedge-shaped, currents, which divide 

^ yo. in all kinds of ways at their periphery, 

and so form ramified processes. These 
changes are always within definite 
^ limits of form in the various divisions, 

so that the form of the pseudopodia 
is the expression of the first differen- 
j A ] tiation of a definite morphological 
character of the protoplasm. The 
pseudopodia characterise the Ehizo- 
poda, the superficial protoplasm of 
ment. n Nucleus, t Ingested food, which IS able to emit them in every 
Some vacuoles may also be noted, form of this group (Fig. 23). Neigh- 
bouring pseudopodia can unite with 
one another any point and in various numbers (Fig. 23, aj), or 
may even become connected ih^ retiform manner. This character 

of the protoplasm is 
'* . V\ j ' I /5 ; / . ^ / not affected by in- 

'‘v\ \ j i II: / A/ / • //y /y temal differentiation 

(skeletal organs, etc.). 
// expression of 
‘ a stage in the lowest 

.... material when 

'•S' not differentiated 

•'••* . . at its periphery. 

When the outer- 

layer of the 

■;* hardened, 

pscudopodia cannot 
• formed at every 

• point. The chemico- 
S y/y/ ! •! '• : yy / 1 1 W V \ • ' physical changes in 

' y?' ' ‘I j ^ j U \ \ V the peripheral parts 

' '* ’ ^ ' lead to the formation 

i'ig. 23. A Foraminifer (Rotalia) with extended Qf something unlike 
►seudopodia, which pass through the pores of the .1 ^ n 

aultilo^ate shell. At oi, several pseudopodia have rest ot the proto- 

united together. plasm, which retains its 

indifferent character. 


i ! if!/ " 


-'Ml 


IV '’^.r ***’*• 


Fig. 23. A Foraminifer (Rotalia) with extended 
pseudopodia, which pass through the pores of the 
multiloculate shell. At w, several pseudopodia have 
united together. 


and indeed still gives signs of its power of movement, but is 
restrained by the firmer cortical layer from any considerable exten- 
sion of itseff. This stage is found in the Gregarinm^ characters 
which obtain in many of the Amoebae exhibit intermediate steps 
toTOrds it. A firm homogeneous membrane sometimes delicately 
striated, extends in these forms over the whole body, which is 
formed by a single cell. It passes directly into the soft protoplasm, 
and appears to be a cuticle ^erentiated &om it. Like all cuticles, it 
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has no contractiliiy ; but it ir extensible and elastic^ and is thus 
able to follow the contractions and expansions of the protoplasm. 

In addition to this separatianr of the 
cuticukr kyer there is also, in the Gre- / * 

garinee, a cortical layer separated off from 
the internal parts, which appears to be " w 

finer than the nchly-granulated protoplasm ; ^ « 

this is also found in the Infusoria. 


With the separation of the body into an ■■ H 
external cortical layer, and an internal par- VV^II 

enchymatous snbstance, further metamor- 
phoses of the cortical layer are connected. 

Of these the first that should be mentioned Gre^n® 

are the cilia which are widely distributed 

in the Infusoria. They appear to Be direct stage, provided with a “pro- 
but actively motile prolongations of the in- bosoidifonn** process, 

•',» rr. 1*1 i_l ' n Mrkofo'mm* 

tegument : if combined with a cuticle they 
traverse it. They either beset a limited part 
of the body only, as the so-called oral open- 
ing, or they are extended over larger tracts, or over the whole body 
often, with great regularity. 

According to the definite distribution and arrangement of these 
cilia, the Infusoria have been subdivided into .Holotricha, Hetero- 
tricha, Hypotricha, and Peritricha. It is clear that they are differ- 
entiations of the protoplasm, from what happens in some other 
groups of the Protista, where they form temporary structures only, 
and, like the pseudopodia, can be again withdrawn into the proto- 


plasm of the rest of the body. 

The flagella, as well as the undulating membranes, which are 
often formed in the region of the mouth of many Infusoria, are 
modifications of the cilia. The cilia appear sometimes to be modified 
in a peculiar way to form stiff processes, movable only at their point 
of attachment to the body (Stylonychia); sometimes, indeed, they 
are flattened and broadened. 


The cilia, as well as the style-shaped processes, serve as locomotor 
organs, and show us that locomotion is connected with the integu- 
ment, just as it was connected with the temporaiy external layer of 
the body, where pseudopodia were formed. 

Another structure observed in the cutis of many Infusoria (e.g. 
Paramescium), are firm rod-like bodies (Trichocysts), which, under 
certain influences, emit a fine stiff filament. These structured lie 
close to one another in the cortical layer, and ia a dirQotion per- 
pendicular to the long axis of the body. They call |o mind the 
stinging cells of the Coelenterata, but they are not to be regarded as 
the same things, for they are not formed from cells. 
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§ 63 . 

In the cortical layer of the body of the Gregarin^, and of many 
Infusoria, there are indications of bands, or fibres, resembling 
muscles. In the Gregarinae these structures are arranged cir- 
cularly, or spirally, and form a layer just below the cuticle; it 
extends over a short part only of the head,^^ which, as a rule, is 
separated from the body by a constriction, but it never passes into 
the wall of partition which separates this part from the bodjr. 

Among the Infusoria these contractile bands are principally 
known in the larger species of some genera (Spirostomum, Stentor, 
Prorodon, etc.). In others they are absent. They sometimes run 
spirally, sometimes longitudinally. They are also present in the 
VorticelHnas, where they form spiral coils towards that end of the 
body which passes into the stalk. It is clear that these structures 
do not form the sole contractile system of- the body, for those 
Infusoria which do not possess them are capable of executing 
powerful contractions. But that they are really contractile is shown 
by Spirostomum, in which the contractions of the body are not 
effected along its long axis but in the direction of the striated band, 
which describes several spiral turns. The contractile band, which 
runs in the interior of the stalk of the Vorticellinse, is a differ- 
entiation from the protoplasm of the same kind ; in Zoothammium it 
branches with the colony, in Carchesium it exists separately in 
each individual of the colony. Although these structures in many 
points resemble muscular fibres, and are physiologically the same, 
they cannot be compared with these histological elements from 
a morphological point of view, for neither cells nor the products 
of cells take any share in forming them. They are differentiations 
from the protoplasm of the organism, whilst in the tissues of the 
Metazoa they are formed by the differentiation of a whole lot of 
morphological elements. The whole contractile apparatus cor- 
responds therefore to a muscular system in function only. The 
separate bands or stripes are merely analogous to muscles 
(myophana). 

§ 64 . 

The function of supporting organs of the body is performed 
in the Protozoa by firm structures, which either traverse the soft 
substance of the body as a framework, or invest it in the form of 
shells and tests. The latter serve as organs of defence in proportion 
to their size and firmness. All the structures here to be enumerated 
are^ either directly or indirectly differentiations of the protoplasm, 
which are formed either on the suifface or in the parenchyma of the 
body. The more completely these secretions cover the body in the 
form of tests, the more do they interfere with its freedom of 
movement, unless there are compensating arrangements. Shells and 
internal supports are widely distributed in all divisions of the lower 
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organisms ; they vary greatly in complexity, and this complexity is 
sometimes in inverse proportion to that of the body. Simple shells, 
generally oval in form, and 
provided with an orifice, 
obtain in one division of 
the Amoebee (Difflugia, 

Arcella). The shell is 
sometimes soft ; but some- 
times it is more firm, and 
this firmness is increased 
by the addition of foreign 
bodies. They sometimes 
seem to be internal shells, 
owing to the extension of 
the protoplasm over them. 

The shells of the Foramini- 
fera are more complicated 
in form, owing to the for- i 
mation of new parts around | 

a simple rounded test, which oc m i.- j. 

. r 5 X T- 25. Transverse section of a Foraminifer 

thentorm separate cUam- (AlveoUnaQuoii); the arrangement of the separate 
Ibers communicating with chambers in relation to one another can Be seen 
I one another by orifices, and (after W. Carpenter), 

with the exterior by pores 

(Pigs. 23, 25). These many-chambered shells become very firm by 
the addition of chalk, or, though more rarely, of silica (Polymorphina 
Nonionina) ; owing to the variations in the relative position, size, 
and mode of connection of the chambers, these structures vie in 
wealth of form with the more lightly constructed internal supports 
of the Radiolaria. 



When the chambers are ranged along a straight line, rod-shaped 
shells, often swollen into beads, are formed ; the separate portions 
of which, known as chambers,^^ may be all of the same size, or may 
increase in size from one end to the other (Nod osar idee). A spiral 
arrangement of the chambers which lie in the same, or in different 
planes, gives rise to structures like those of the shells of the Nautilus 
(Pig. 23). Special modifications are due to the superposition of the 
spiral coils, the elongation or abbreviation of the spiral axis, and so 
on. The planorbis-like shells of the Milliolidae, in which partial 
constrictions give the first sign of the formation of chambers, repre- 
sent the simplest condition of these forms. By the unequal addition 
of fresh chambers the spiral form is completely effaced (Acervulinse), 
and can only be seen in the earliest-formed chambers. These teste 
are usually confounded with external shells. But this only holds for 
a few. The shell seems rather to be an internal support, in those 
cases especially where the partition-walls of the so-called chambers are 
frequently broken through, and the pore-canals at the same time pass 
through the shell to the exterior, so t^t the protoplasm of the pseudo- 
podia is able to cover the outside of the shell. When the partitions 


G 



82 


COitPARATIVE ANATOMY. 


are merely represented by several separate columns, or lamellaa, 
which have wide openings between them (Fig. 25), and the cavity of 
the chamber itself is less than the various connections between two 
and where, &ially, aU the neighbouring chamber-spaces 
CQiamniiiioate with one another, and the whole test is thereby 
trwersed by a cavitary system which communicates in all directions, 
^ character of an external shell is completelv lost. And so, 
protoplasm is in all cases able to draw itself over the outer 
cl the shell, the shells in the Foraminifera ought to be 
rqipaided as internal ones, and grouped accordingly with the skeletons 
^thaBadidaria. 

§ 66 . 


The central capsule must be noted as an organ of support 
common to all the Badiolaria, although it is not veiy apparent. 
It is a capsular-closed organ, various in form, placed in the middle 
of the body, and formed of a membrane which closely resembles 
chitin. In addition to fat-globules and structures which are re- 
garded as nuclei, it always contains a quantity of protoplasm, which 
is apparently continuous with the extra-capsular protoplasm by means 
of fine pore-canals. In most Badiolaria (not in Thalassicolla, 
Thalassolampe, and OoUozoum) there is, in addition to this capsule, a 

skeleton, ordinarily formed 
of silica, which traverses the 
capsule when most fully de- 
veloped (Fig. 26). Several 
spicules then radiate from a 
common centre, and these 
. may be connected with ono 
another by means of a con- 
centric highly fenestrated 
framework (Fig. 26). In 
some (Acanthometridm) the 
organic base of the frame- 
work predominates, and is 
but slowly replaced by silica. 

Separate spicular bits 
of silica, lying freely in 
the protoplasm outside the 
central capsule, are the 
earliest indications of this 
firm skeleton in the Collidea 
and Polyzoa. In some they 
become arranged in a radiate 
manner, without being firmly 
connected together. Circular skeletons, forming an open network, 
are formed by the radial spicula being connect^ together at equal 
distances by rods placed perpendicularly to them. When a very 
fine supporting reticulum is arranged around the radial spicula in 



Fig. 26. Skeleton of a Badiolarian (Actinomma 
aateracanthion). Two concentrically-arranged 
fenestrated shells are broken through at one 
point, to show a third one (after E. HMckel). 
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a more irregular manner, the skeleton is sponge-like. The infinite 
variety of form is increased by discoidal and basket-like skeletons ; 
or these skeletons may have a spiral arrangement. In this way a 
supporting organ of great complexity is formed, in which the soft 
parts of the body are embedded, and the separate pieces of which 
are developed in the protoplasm. 

§ 66 . 

Compared with these internal organs of support in the Bhizopoda 
the tests of the Infusoria form a distinct series of arrangements, 
for they are only secretions from the surface of the body: they 
resemble the tests of the Axcellas, mentioned above. The secreting 
matrix is in this case an anatomically distinct part of the body. But 
this need not be regarded as a higher stage, for it is closely allied to 
the lowest, i.e. to the formation of a cell-membrane. Tests are 
principally developed in the fixed Infusoria. They are formed by 
the secretion of a substance, which is primitively soft, and which 
gradually hardens ; this surrounds the body of the animal like a cup 
or an um, except at one point, where it allows of communication 
with the exterior. These tests are distinguished from the merely 
cuticular structure, which tends to form a carapace, in that the 
differentiated layers attain greater firmnesa, and become separated 
from the greater part of their matrix surface. But the genesis of 
both structures is the same. It is identical with the formation 
of cysts, a process which is very common among the Infusoria, and 
by means of which the C)rganism shuts itself off from the exterior 
for a time, so as to withstand unfavourable conditions (loss of water, 
and so on). The immovable stalk of Epistylis, and the external 
layer of the contractile stalk of the Vorticellinse and Carchesinoe 
must be regarded as cuticular differentiations of this kind. The 
tests may be soft or hard, and membranous. Some are distinguished 
by the agglutination of foreign bodies — cemented grains of sand, 
and so on. The genera Vaginicola, Tintinnus, etc., have shells. 
Stentor has one in certain cases. Fenestrated shells have also 
been observed (Dictyocyrta). A carapace is formed from the firm 
hyaline cuticle in Stylonychia, Euplotes, Aspidisca, Spirochona, 
Ooleps, etc. 

§ 67 . 

Organs for the prehension and alteration of food are 
wanting in the lowest organisms. In the Gregarinee food is taken 
in by endosmotic processes at the surface, and solid nutritive 
matters do not reach the interior of the body. Where the body 
is not peripherally differentiated there is, on the other hand, a 
direct taking in of food, which may go on at any part of the 
body. This is the case in the Bhizopoda. In this case the nutritive 
matter is surrounded by the soft substance of the body, or it is 
embraced by the processes of the body — ^the pseudopodia. In both 
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cases tRere is really one and the same phsBnomenon. Any place in 
the protoplasm can act as a digestive cavity by enveloping 
and absorbing nutritive matter, and at any neighbouring pai’t 
of the sur&ce the undigested substances can be again expelled. 
Even in Actmosphasrium solid food can be taken into the body ; but 
in it the pseudopodia are not the direct agents, for they draw the 
prej to the body, and cause it to pass into the yielding parenchyma 

of the cortical layer at some suitable 
point (Fig. 27) ; thence it passes to 
the centm sul^tanoe of the body. 
In comparison with other forms Acn* 
nosphssrium is characterised by taking 
its food directly into the more differ- 
entiated parts of the body, and not 
surrounding it by the amorphous 
protoplasm of the pseudopodia. 

In the Infusoria the arrangement 
is more definite. They take in food 
in two different ways. In the Suc- 
toria (Acinetince) there is no mouth ; 
the radiate pseudopodia-like processes 
pass through the envelope of the 
body, and act as suckers (Fig. 30). 
They attach themselves by their 
sucker-like enlargements to the prey 
which has come within their reach 



Fig. 27. ActinoBphsDriam. a A 
morsel yrliicli has taken in as 
food, and jnst pushed into the soft 
cortical layer b, by the animal, 
c Central parenchyma of the body, 
d Some balls of food in it. e Fsen- 
dopodia of the cortical layer. 


(which consists of other Infusoria, etc.), and cause it to flow, as 
through a tube, into their body, where it fills the parenchyma in 
the form of drops. The presence of similar processes in the 
embryos of other Infusoria shows that this mode of nutrition is 
a veiy common one. A higher grade is represented in the other 
forms ; in the Ciliata there are not only definitely organised parts 
for the reception of food, but also definite parts for the ejection 
of what is useless. An enteric tube is, however, wanting in all 
of them, and these differentiations are limited to the cortical layer 
of the body, so that the food passes beneath it into soft paren- 
chyma, i,e. into the undifferentiated protoplasmic part of the body, 
in which there are no passages with special walls. Temporary 
spaces, which act as digestive cavities for the spherical food masses, 
are formed in it ; these cavities are not permanent ones, as may be 
seen from their Sequent disappearance when the protoplasm is in 
movement. In this point, therefore, they resemble the Rhizopoda ; 
for a part of the digestive apparatus, that is those parts in which 
the food is digested, have no organological differentiation. 

When the Oiliata have a mouth, it is either in the form of a 
simple cleft, which is in many cases only apparent when food is 
taken in ; or it is not directly on the surface of the body, but at the 
bottom of a depression (vestibule), the form of which is very varied, 
and which at times contains the orifice of egestion also ; the sur- 
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rounding region (peristoma) has often also a special 'form. A 
tubular portion, or pharynx (Fig. 28, b) often passes from the mouth 
into the parenchyma of the body, and from 
it the ingested morsel finds its way into the 
soft substance of the latter. 

The position and form of the month varies 
greatly. In many cases it can only be made 
out during the ingestion of food (as in Amphi- 
leptns, Loxophyllnm), and disappears as soon 
as the morsel has passed into the parenchyma. 

There is sometimes an investment of cilia on 
the tubular pharynx (Paramsecium anrelia 
and bnrsaria) ; or an undulating membrane 
(Bursaria flava) j or a covering of rod-shaped 
denticles, or fine longitudinal ridges. 

Porodon, Chilodon, Nassula, etc., have an 28 . Diagiam of 
investment of small rods in the ph^, 
arranged in eel-pot form. A regular thicken- gpa<)e filled with soft pro- 
ing of its walls has been observed in Brvilia topiasm, into which the 

and Liosiphon. b Mouth. 

, « 1 . c Anus, d Contractile 

The general presence of an anal opening vesicles (after Lach. 

is not by any means established. There is mann), 

only in some few cases a permanent and dis- 
tinctly-marked opening; it can generally be distinguished during 
the expulsion of undigested food only. This anal spot is as a 
rule at the posterior end of the body, but is, on the whole, very 
changeable. It may even appear at the anterior end of the body ; 
thus, in Stentor it lies near the mouth, and in the Vorticellinse 
and Ophrydiae in the vestibule. Taken on the whole it appears 
to consist more in the localisation of a function than in the develop- 
ment of an organ. The products of excretion pass through the 
differentiated cortical layer of the body at a certain spot, without 
there being any special organisation of that spot. 

§ 68 . 

In all Protozoa the outermost layer of the body has a respira- 
tory significance, for it is by it alone that an exchange of gases 
with the surrounding medium can be effected. This relation must 
also be borne in mind in reference to the increase of surface, which 
is due to the pseudopodia. The cilia of the Infusoria are of import- 
ance in changing the water. 

More definite respiratory arrangements are seen when, as in 
many Protozoa, water is taken into the body. Cavities, which are 
filled with a fiuid, and which gradually contract and completely 
empty themselves, after having reached their maximum of distension, 
^pear within the protoplasm ; when empty they seem to disappear. 
Wiese vacuoles, like the vacuoles in the cells of certain tissues, are 
partly variable structures, now appearing and now disappearing, and 
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pwtly constant. When they are constant their function is in- 
creased, and they often expand and contract regularly and rhyth- 
mically, like thecardiac systole and diastole. Contractile vesicles 
of this kind are often seen in the Amoebae (Difflugia and Ajcella), 
and are very common among the Infusoria. They are also known 
as vacuoles. The fluid which collects in the vesicles is drawn from 
the parenchyma of the body and is returned to it, or passed out to 
the exterior on the contraction of the vesicle. Fine communications 
with the exterior have been made out, so that the latter course is the 
probable one j but we need^^dn this account conclude that water does 
not enter by the same passage. 

In the Infusoria the vesicles lie in the cortical layer (Pig. 28, dd), 
generally just under the delicate cuticle, and at definite points. If 
only one vesicle is present, it lies either anteriorly or posteriorly : 
if two, there is one near each end of the body. Trachelius ovum is 
remarkable for a large number of small vesicles. No special mem- 
branes can be made out on the wall of the vesicle nor in the canals 
which pass off from it. Like the vesicle the canals can only be 
made out while they are filling. The vesicle and canals contract 
alternately. In Paramascium the canals enlarge at the commence- 
ment of the systole, and approach one another as the vesicle diminishes 
/ in size, so that they form a stellate figure at the moment when its 
i systole is most complete and the vesicle has disappeared. While the 
vesicle is filling the canals look like small diverticula on it, and are 
not again fully distended until the diastole is complete. The number 
of canals, which is limited in P. aurelia to eight or ten, is increased 
to thirty in Bursaria flava, and is much higher in Cyrtostomum 
leucas. In these forms the canals have a wave-like course, and ramify 
at their extremities. Canalicular tracts are formed by the fusion of 
several spaces filled with water into longer tracts, as in Stylonychia 
(St. mytilus), and they empty themselves into the contractile vesicle, 
by definite passages. The long canals of Spirostomum ambiguum, 
which also are visible for a time only, but which are longer 
than these, are like them, so that we can make out a continuous 
series from the first appearance of an apparently indifferent cavity to 
a definitely arranged system of tubes. 

Another arrangement can be put beside this formation of in- 
ffifferent vacuoles. When such spaces in the protoplasm increase* 
in number they run together, and so give to the protoplasm the 
appearance of a network which traverses the interior of the body, 
winch is filled with fluid (Trachelius ovum). These hollow spaces 
have then become perfectly different organs from the pulsating 
vacuoles, and they may both exist at the same time. 


§ 69. 

In correspondence with their low grade of organisation the 
Rrotozoa have no sexual organs, and give but the faintest indica- 
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tions of sexual difFerentiation. They always propagate, therefore, 
by modes which are called asexual, among which the cliief part is 
played by fission and generation. The nucleus appears to be of 
great importance in all their modes of multiplication. 

Spores have been observed to be formed within the organism in 
Ehizopoda, A larger or smaller part of the protoplasm of the body 
is used in forming them ; when a larger portion is used this mode of 
multiplication is allied to that mode which is so common among the 
Protista, in which the whole body breaks up into a number of 
spores, and so multiplies by division. In the Eadiolaria the contents 
of the central capsule are active in reproduction. The nuclei in 
it become surrounded with protoplasm, and form flagellate swarm- 
spores. 

The mode of reproduction is most exactly known in the Gre- 
garinae. As a rule multiplication commences by the concrescence of 
two individuals ; this generally occurs very early, so that the two 
individuals, which form one body, the anterior end of one being 
attached to the posterior end of the other (Fig. 29), 
go on growing for some time ; or conjugation 
may only take place later, when the forms are 
mature. After this comes a condition of rest, 

(accompanied by encystation, in which the two 
individuals form a rounded body, with a partition 
between them. Then the partition disappears, 
and the substance of the body, and also the 
; nucleus, breaks up into an amorphous mass, from 
I which numerous vesicles gradually arise. From 
these latter a number of germ corpuscles, called 
Pseudonavicellae,^^ on account of their shape, 
are formed. These gradually fill the whole cyst, 
and each gives rise to a single very small organism, 
consisting of protoplasm solely, and tins, being 
Without a nucleus, corresponds to a cytod. Each Gregarina scemiridis. 
of these structures moves about in an amoeboid c Their nuclei, 
manner, and is gradually differentiated into a 
young Gregarina, after which a nucleus is differentiated in its interior, 
and it becomes limited externally by a cortical layer. 

Although conjugation has no exclusive signification in bringing 
about these processes, as separate Gregarinse are also able to pass 
through these reproductive processes in just the same way, yet it is 
not the less important. It points, at least in the cases where it 
exists, to the necessity of two individuals to brin^ about reproduc- 
tion. It is, consequently, a pheenomenon preliminary to sexual 
differentiation. 



§ 70 . 

Conjugation also plays a part in the reproductive proceedings of 
Infusoria, for it is the first step in their multiplication. In this the 
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iim 16US in cij ^Bsidorable impforianco ; it (Fig, 30, n) is a firm 
shpootorei sometimes provided with a spiral envelope, very various 

in form. It lies in the cortical 
substance of the body, or is 
surrounded by a continuation 
of this substance, if it is more 
deeply sunk in the interior. It 
is sometimes oval or round, or 
it is fiattened and curved (Vor- 
ticellinse), or it is even greatly 
elongated and regularly con- 
stricted (Spiro stomum). The 
importance of the nucleolus, 
which differs from the nucleus 
in nothing but its smaller size, 
is more obscure. The act of 
reproduction commences as a 
rule with the complete or partial 
fusion of two individuals, which 
may be of the same or of dif- 
ferent sizes; this fact led to 
the mistaking of conjugation 
for stages of fission or gemma- 
tion. This concrescence gives 
the stimulus to changes in the 
appropriate parts. The nucleus 
becomes divided into a certain 
number of parts, around which the protoplasm is disposed. In 
this way a number of spores are formed, each of which becomes a 
new individual while within the mother-cell; and then gets an 
investment of cilia, and escapes to the exterior. 

It is still a question as to the share which the nucleolus takes in 
mis process ; and the statement that in one group of the Ciliata it 
has the function of a sperm-forming organ, while the nucleus has/ 
the function of an ovary, requires to be confirmed. In any case thu^ 
differentiation of a male organ is not a common phaenomenon, but 
limited to a very narrow circle. The nucleus, therefore, and the 
nucleus alone, is certainly known to take an active share in repro- 
duction, and this share is of just the same character as that which it 
was seen above to have in spore formation, and as it has in gemma- 
tion, in which the nucleus of the bud has often been observed to 
mse from the previous gemmation of the nucleus of the mother-cell 
(P^ophrya). Finally, multiplication by fission is very common, 

^though conjugation was often confounded with this process at one 
time. 



Fig. 80 . — An Aoineta with part of its 
stalk, p Pseudopodia-like, but stiff, ten- 
tacles. V Vacuoles, n Nucleus, e Aciliated 
young form lying in the so-called broad 
cavity. 



Second Section. 


Coelenterata (Zoophyta). 


General Review. 

§ 71 . 

This division is the first of the Metazoa, or organisms which are 
undoubtedly animals. The embryonic body separates into two 
cell-layers — ectoderm and endoderm ; which in many Sponges alone 
form the permanent body, though in many a mesoderm is developed. 
In the lower Acalephas the formation of a mesoderm is incomplete ; 
that is, the mesoderm is not an independent tissue as it is in all the 
higher Acalepha3. The most essential character of the animals which 
make up this division is the arrangement of the nutritive apparatus, a) 
cavity sunk into the parenchyma of the body, and either divided into I 
canals or extended into wider spaces. This digestive cavity, with its 
appended spaces, is invested by the endoderm, and in the lower 
forms is the sole representative of hollow organs in the body. 
When several individuals are united to form a colony, the canal 
system, which arises from the digestive cavity, is common to all of 
them, and is continued into the common substance of the colony or 
coenenchyma. The primary axis alone can be made out in the body, 
and the secondary axes are indifferent, or if present appear to be 
equivalent. 

I. Spongiae. 

Gastrmados.* 

Haliphysema, Gastrophysema. 

Porifera. 

Myxospongise. 

Halisaroa. 

* The Gastrsoades represent stages which are not permanent in the rest of the 
Spongim. 
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PibrospongisB. 

CeraBpongitt. 

Eufipong^t Spongftliai Potoriuna* 

HalichondrisB. 

Axinella, Spongilla. 

Corticata. 

Thetya, 

Hyalospongise. 

Euplectella. 

Calcispongiae. 

Ascon, Lencon, Sycon, 

II. Acalephas. 

1. Hydromedusas. 

Hydriformes. Medusiformes. 

Hydra Cordylophom Hydractinia ; Sarsia, Bougainvillea, Lizzia, Oceania ; 

— Coiyne, Syncoryne, Eudendrium ; — — Bacope.Thaumantias; — Iracnynema; 

Tubnl^a, corymorpha; — Campanil- — JEgins, Cuninn ; — Linopo, Geryonin, 

laria, Sertularia, Plumnlaria. jEquorcn. 

Siphonophora. 

Velella, Porpita ;—Dipliyes, Abyla j—Athorybia, Agalma, Physophora, Phyaalia. 

2. Calycozoa. 

Lucemaria. 

3. Thecomedusae. 

SteplianoscyphuB, 

4. Medusae (Disoophora). 

Charybdea, Pelagia, Aurelia, Uhizoi^toina, Cassiopeia, 

5. Anthozoa. 

Tetractinia. 

Cereanthus, Cyathophyllum. 

Hexactinia. 

Antipathes, Fungia, Madrepora, Astreea, Oculina, Caryopbyllia. 
Octactinia (Aloyonaria). 

Alcyoninm, Pennatula, Yirgularia, Yeretillum, Benilla, Gorgonia, Isis, 
Corallium, Tubipora, 

6. Ctenophora, 

BeroB, Oydippe, Cestum, Earbamphfea, Mnemia, Euoharis, 
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Form of the Body. 

§ V2. 

The forms of body of the two great divisions which make up 
the Coelenterata are alike in the lowest stage ; in that stage^ namely, 
which has been already (§28) called the Gastrula,^^ on account 
of the development of an enteric cavity. This form represents a 
larval stage, in which an investment of cilia function , as a locomotor 
organ, and which may fairly be regarded as the common funda- 
mental form of the two chief divisions of the Zoophyta. In this 
form only one axis, the primary, can be made out; it extends 
from the oral to the aboral pole. The secondary axes are indif- 
ferent, for all the transverse axes drawn perpendicularly through the 
primary, at any angle whatsoever, are completely equivalent one 
with the other. This stage is permanent in all the Spongise ; in 
the Acalephm it passes on into a condition which is characterised by 
differentiation of transverse axes. 

Among the Spongise the Gastrula attains, when attached by its 
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abcQ^ pole, to a definite oliaracter of the most simple form in the 
Physemarim, and in Olynthus among the Ascones. In other Calci- 
spongias, also, this simple form of body is retained, but more 
considerable changes in its internal characters obtain. 

The most important changes in the form of the body are due to 
the formation of colonies. Colonies of the most varied form (cormi) are 
formed by budding or by incomplete division, the separate animals 
(personae) of which are connected with one another in very various 
ways, and may even partly or completely fuse with one another in 
different ways. When these stocks are fused they often have the 
appearance of single animals, and in proportion to the simplification 
of their external form is the complication of their internal organi- 
sation. The modification of the mouths of the colony affects 
their external form just as much as does this concrescence; the 
mouths may be collected into groups, or united as one, or they 
may completely disappear. 

The great variety of form in this division, which is due to the 
causes here only indicated, may be still further modified by numerous 
adaptations, due to their position in space. Nowhere in the Animal 
Kingdom does the form of the body appear to be so changeable as 
in the Spongiae, so that it is impossible to separate them into largo 
divisions, to say nothing of species. 


§ 73 . 

In almost all the divisions of the Acalephm the body developed 
from the Gastraea-form is adapted to a sessile or fixed condition; 
the stomachal cavity which is formed when this development com- 
mences causes the organism to have, in all essential points, the same 
simple character as it has in the corresponding stage in the life- 
history of the Spongia9. Processes, known as tentacles, are developed 
on the anterior region of the body- wall, which encloses the stomachal 
cavity ; they present to us the earliest indication of a differentia- 
tion of the secondary axes, and therefore establish a well-marked 
distinction between these forms and the Spongisa. 

The Hydroida or Hydroid-Polyps (Hydriformes) are the lowest 
of the Hydromedusaa. 

Tentacles are placed in many cases irregularly on the parts of 
the body which surround the mouth (Ooryne, Syncoryne, Cordy- 
lophora), or their number may be indefinite, even when the structures 
are limited to definite zones of the body, and encircle the mouth in 
the anterior region (Hydractinia, Eudendrium, Campanularia). As 
the number of tentacles varies we cannot suppose that the secondary 
axes are definitely differentiated. It is only in a few cases that they 
^efiiiitely expressed by the position of the tentacles (Stauridium). 

• j portion of the body, with its tentacles, becomes more 

^ independent of the rest of the body, which forms a stalk, while the 
\ abor^ pole grows out into a stalk-like part, which carries the head, 
.and IS distinguished as the capitellum or hydranth.^^ 
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Colonies (oormi) are formed from single animals by gemmation. 
This may either occur at any point of the surface of the body (Hydra), 
and end by the bud breaking off, or it may take place in the stalk- 
like part. The creeping cormi of the Syncorynidm, Hydractinim, etc., 
are formed by processes of the basal part, which give off new animals, 
attached here and there to it. When gemmation occurs in the free 
part of the stalk we get free, branched colonies, which become compli- 
cated in very various ways (Eudendrium, Campanularia), or become 
regularly branched (Sertularia, Plumularia). 

The formation of colonies is almost always accompanied by the 
formation of a tubular investment, which is a secretion from the 
surface of the body, and which serves as a support for the whole 
trunk, as well as for its branches ; it is also continued, in various 
degrees, on to the persons of the colony. 


§ 74. 


The process of gemmation in the Hydroid Polypes produces, in 
addition to the growth of the colony by freshly-formed similar 
individuals (persons), structures of quite a different kind, the most 
differentiated forms of which are developed into Medusae. 

The body of these buds is of a bell-shaped or discoid form 
(Pig. 32, m), and by its internal organisation, as well as by the 
tentacles, which arise from the edge of the bell, or disc, we are able 
to make out secondary axes, generally two in number, which cross 
the primary axis at right angles to one another, and are completely 
equivalent one "with the other. A higher grade than that of the 
Hydroid-Polyps is expressed in this 
organisation. The animals move by 
contractions of the bell, the edge of 
which is produced into a membrane, 
the velum, which is also contractile. 

These Medusa-gemmas always carry 
the organs of reproduction ; from their 
ova Hydroid Polypes again arise. 

(Alternation of Generation.) 

While gemmation of Medusas in- 
tended for a free life distinguishes 
some Hydroid-Polyps (Fig. 31, o-e. 

Pig. 32, a-e), in others the process 
stops at the formation of a Medusa- 
bud, the organisation of which does 
not quite attain that stage of develop- 
ment which conditions the free mode 
of life, and it remains therefore con- 
nected with the colony. Nevertheless, 
the normal development of the sexual organs proceeds, and in fact 
these rudimentary Medusas form generative buds (Gbnophores), 



Fig, 31. Syncoryne with a num- 
ber of budding Medusae on it at 
different stages (oi-e) of develop- 
ment (after Desor). 
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of which are dereloped in tiiezn in the same manner 
s^weihose of the free Mednsm. 

^With these are connected still simpler forms of buds, and the 
series ends with buds the structure of which has scarcely anything 
in common with a Medusa. But the series which lea^ to these 
is perfect, owing to numerous intermediate forms, so that external 
buds, merely containing generative products, and Medusas of a rela- 
tively high organisation, which only become sexually mature some 

time after leaving the Hydroid 
stock, must be regarded as the 
widely-separateterminalpoints 
of one series. 

This phasnomenon is ex- 
plained by the conception of a 
division of labour, m which 
the function of feeding the 
stock falls to the share of the 
individuals which remain ses- 
sile, while others which are 
broken off take on the duty 
of sexual reproduction. Those 
buds which will become free 
have a higher organisation, 
which has been gradually de- 
veloped from the lower forms, 
and primitively resembled 
those that remain sessile. The 
separation from the stock may 
therefore be regarded as the 
primary cause of the differen- 
tiation of the sexual individuals 
Fig. 82. A portion of a colony of a Hydroid- i^he medusoid direction, 
Polyp (Eudendrinm ramosnin) with bad- while the permanence of the 

ot med^oid 

tiation of the budding Medusse. m m Free DUdS, m Other cases, IS accom- 
Medusae in different positions. panied by a degeneration of 

, , ^ their medusoid organisation. 

But if thw organisation, as we supposed above, has been obtained 
by a primitive freedom, of life, the medusoid buds must necessarily 
be regarded not as arrested in an onward development, but ratber 
as Medusa-bu^ in course of degeneration. A definite conclusion 
on the subject is not possible, on account of tbe fact that the several 
stages of degeneration might be precisely similar to those of deve- 
lopment, and retrogressive metamorphoses have not been directly 
observed. 

The gemmation of generative individuals, for such must the 
medusifoim buds and their modifications be considered to be, takes 
place at different points. As the formation of a stock is a secondary 
process, the production of budson the body of the single animalmustbe 
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the primitiye mode. It is found on this repon in all divisions of the 
Hydroid-Folyps. The stodks of the CorynMse haye hnds distributed 
oyer the l^otanth. They are frequently placed between the 
tentacles. In Pennaria they ar^ found within the circlet of tentacles ; 
and on the same place in the Tubularias^ where they are always placed 
in some quantity on a common stalk, forming groups like grapes, or 
ears of com. Gemmation on the body of the Hydroida is, in many 
cases, accompanied by a degeneration. In many Gampanularias, 
Hydractiniss, and others, the proliferating indiyidual giyes up its 
share in the duty of feeding the stock, as is expressed by the 
diminished size of its tentacles and stomachal cavity. The animal 
stock is therefore composed of nutritiye and proliferating persons, 
the latter again bearing the buds or generative persons. This is 
the way in which the Dimorphism of Persons arises in these 
stocks, and this passes into Polymorphism, in consequence of a 
number of the nutritiye persons undergoing still further changes 
(Hydractiniec). 

The proliferating persons of a colony present yarious degrees of 
degeneration. In the most extreme case a portion only of the 
individual which bore the buds remains after they are developed 
(e.g. in many Campanulariss). The complete degeneration of the 
proliferating person causes the gemmae to arise from any part of the 
common stock, without any relation to a Hydroid person. 

In the higher divisions of the Medusiformes, relations to the 
Hydroida are lost. Although there are many considerable complica- 
tions in the mode of reproduction (see below. Generative Organs), 
yet, so far as is yet known, there is among the Trachynemidas, 
-i^Eginidas, and Geryonidaa no return to the hydroid form; and it 
is doubtful whether any such relation does obtain. 

§ 75 . 

The division of labour, which in Hydroid-Polyps is essentially 
limited to the nutritive and generative functions of the persons 
united into a colony, is extended over a larger series in the Sipho- 
nophora ; and we met therefore with great variety in the form of 
the component parts of the colony. Division of labour thus leads 
to Polymorphism of the persons. They all follow the medusiform 
type, which is developed to a greater or less extent. When it 
is distinctly developed, the fundamental form which shows itself 
in the medusa-buds of the Hydroid-Polyps predominates, so that 
it is clear that both groups have had a common origin. The 
Siphonophora, therefore, appear to be swimming Hydroid colonies, 
all the persons of which have passed into the medusa form ; a change 
which is complete in the generative persons only of the Hydroid- 
Polyps. The separate persons of the colony of the Siphonophora 
are developed on a common contractile stem, which in most lorma 
represents the axis of the stock, and around which the persons 
which function as organs of the whole colony appear to be arranged. 
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^I^neee are — 

1) Locomotive Persons (Nectocalyoes) : these conform most 
completely to the Medusa- type^ and are united together by twos 



Fig. 83. Some colonies of Siphonophora. A Diphyes camjpanulata, BA group 
of appendages of the stem of the same Diphyes, C Physophora hydrostatica, 
A separate nectocalyx of it. E Oloster of female generative buds of Agalma Sarsii, 
D a Trunk or axis of the colony, d Air-bladder, m Nectocalyx. c Cavity in 
nectocalyx, invested by a contractile membrane, v Canals in the walls of this cavity. 
0 Opening of the nectocalyx. t Bracts (in c represented by tentacles), n Stomach. 
% ^shing-lines. g Generative organs. 

(Dipliyidee), or, by a larger number, to form a swimming column 
(Physoplioridfie), which occupies the end of the stem (Fig. 33, 
A 0, m D), and which, therefore, takes the lead when the colony is 
moving, and is directed anteriorly. 

2) Nutritive Persons are present in the second division of 
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the stem^ where tli^ have the form of stomachal tubes (stomachs, 
sucking tubes) {B 0 n.) In some cases some of them are not fully 
developed, but form tubes closed at the end, which function as 
tentacles/' 

3) Protective Persons (HydrophylUa) : in these one can often 
make out the Medusa-type quite clearly, but in other cases it is 
much less distinct, and they then have the appearance of hyaline, 
lamellar pieces, overlapping the persons described under 2, 4, and 5. 

4) Tentacular Persons: these form simple or elongated 
filaments (grappling-lines), which are arranged in tufts, are capable 
of great extension, and are provided with special urticating organs 
(Urticating batteries). The primitive Medusa form can be made out 
in a few only of these organs, and that faintly. 

5) Generative Persons : as in the Hydroid-Polyps, these may 
be seen in various stages of development. Although it is in a veiy 
few cases only that they are metamorphosed into Medusas that 
become free (Velella — Ohrysosmitra), the medusiform type is 
very commonly well marked among them. They are generally found 
in racemose bunches, just as in the Tubularias. 

The arrangement of these veiy variously differentiated persons of 
the stock of the Siphonophora differs in the different divisions, while 
the locomotor and the protecting persons are completely wanting 
in many genera. In general the arrangement or distribution of the 
polymorphous persons of the stock is observed to be very constant 
in genera and species ; gemmation from the stock takes place on 
one side only, the arrangement of the buds all round the stock being 
due to its spiral twisting. This is the cause of the arrangement of 
the nectocalyces in two or more rows, as well as of the grouping of 
the other organs. Nutritive, generative, and tentacular individuals 
are generally placed together in groups, in such a way that there is 
one bract to a group. While in most Physophoridae, these groups 
are very close to one another, they are set at greater distances 
from one another in the Diphyidae (Fig. 33, A B), and each group is 
composed of a certain number of persons which, by breaking off 
from the stock, may become distinct individuals (Eudoxiae), 

The anterior end of the stem, which is distinguished by the 
presence of locomotor persons, becomes in many divisions par- 
ticularly perfect, owing to the development of an air sac. This has 
the functions of a hydrostatic organ, and causes the anterior end of 
the body to be always directed upwards while the stock is at rest 
(Physophoridae). (c d,) It has an opening to the exterior, which 
can be closed, and by which air has been observed to escape. The 
greater development of these bladders, which in most Physophoridae 
are rather small, appears to cause a degeneration of the locomotor 
buds of the stock; and thus there seems to be a kind of compensat- 
ing arrangement, through which, however, the power of the colony 
to move actively is diminished. Instead of swimming, it mow is 
driven through the water. The locomotor persons are, for example, 
absent in Rhizophysa, in which the air sac is increased in size. By 
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becoming greatly increased into a wide cavity, the air sac occupies the 
greatest part of the stem, and thus forms the largest portion of the 
colony, the separate pieces of which look like appendages pl^ed on 
one side of the bladder. This character is greatly developed in the 
Physalidse, and is accompanied by the shortening of the stem. 
Another condition obtains in the VeleUidae, where the air sac is 
placed on the end of the greatly shortened trunk, and is developed 
by lateral extension into a disc, the cartilaginous firm walls of which 
divide the internal cavity into numerous chambers by forming walls 
of partition. In the earliest stages of development the air sac is 
simple in these forms also. In Porpita, the disc remains flat and 
circular; in Velella it is produced into a diagonal vertical crest, into 
which the air spaces of the disc are not continued. The concentri- 
cally-arranged chamber-spaces of the air sac in Velella are connected 
by apertures. They open to the exterior by a number of holes 
placed on the surface. In Porpita, fine air passages, in the form of 
canals, pass off from the inferior surface of the air sac, and enter 
into and branch in the portion of the stem, which carries the 
nutritive individuals. 

§ 76. 

The Thecomedusm are polypoid Ooelenterata provided with a 
test, and are allied to the Hydnformes, although in organisation 
they resemble Medusm; they are indeed, intermediate between these 
two groups, for they are representatives of forms which are closely 

allied to the larvae of the 
Discophora. This larval 
form (Scyphostoma) seems 
to be more highly organised 
than most of the Hydroid- 
Polyps ; it presents, indeed, 
points of connection with 
only a few of them (Cory- 
morpha). It is developed, 
just like the Hydroid-Polyps, 
from a planula, which is at 
first free, and which after- 
wards becomes fixed. But 
the fundamental form of 
the body resembles not 
only that of many Hydroid- 
Polyps, but their Medusa 
stage also, for two equiva- 
lent secondary axes cross 
the primary one. The organs 
are arranged by fours, so 
that four antimeres can be distinguished in the body. Medusas are 
budd^ off from this polyp-form, but gemmation does not, as in the 
Hydroid-Polyps, take plaice at the side, but at the end. The terminal 




Fig. 34. Yonng stages of Aurelia aurita. 
1 Flanula-form, attachiog itself. 2, 3 Passage 
into the Polyp-form. 4 Ooznmenoement of the 
formation of metameres. 5 Continued forma- 
tion of metameres (Strobila) and the differen- 
tiation of them (after M. Bars). 
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mouth-bearing portion of Scyphostoma is gradually nipped off from 
the rest of the body (Fig. 34, 4). As the body grows the new por- 
tions, which are formed towards the aboral pole, become separated 
metamerically (Strobila, Fig. 34, 5), and all are developed on a 
Medusa type. The polyp-body is thus divided into a number, often 
a large number, of Medusas, which gradually break off (Ephyra 
form), and when they are free become more developed. 

This process, wmch has been observed in Oephasa, Aurelia, and 
Cassiopeia, does not obtain in Pelagia, the ova of which are con- 
verted into swimming larves, which become young Medusae, without 
passing through the polyp stage. The development of Pelagia is 
therefore compressed into a few stages, while in the others it is 
extended over a large series of forms, and is a more complete 
repetition of the palasontological development. The polypoid must 
be regarded as the initial stage, and was followed by the 
gradual metamorphosis of the polyp into a free Medusa. On 
this hypothesis, the strobilation of Scyphostoma and the consequent 
development of a number of Medusae, appears to be a secondary 
process, which could only come about gradually, and after the whole 
polyp-body had ceased to be converted into a Medusa. It is clear, 
from the growth of the polyp, while it is passing into the Strobila, 
that an important part must be played by the nutritive relations of 
the Scyphostoma stage, in giving rise to the Strobila-form, or, in 
other words, in producing the Medusae by gemmation ; the whole 
phaenomenon, therefore, appears to be causally related to the nutri- 
tion of the Scyphostoma. By the gemmation of Bphyrae, i.e. of 
young Discophora, from the body of the Strobila, an asexual mode 
of multiplication is interposed in the developmental process of the 
Medusae ; and thus we have brought about one form of the so-called 
alternation of generation. 

By the Scyphostoma form the Medusae are closely related to 
the Calycozoa, which appear to be derived from them. The body, 
which is attached by a short stalk, is widened out like an umbrella, 
and agrees, as to its axes, with the Scyphostomae, and their 
descendants. In many points they also present relations with the 
Anthozoa. The Oalycozoa, therefore, present us with a very 
important intermediate form, which has been continued on, with 
relatively few modifications, from the ancestral form common to 
several large divisions of the Acalephae. 


§ 77. 

In the Anthozoa the primitive form of the body is exactly the 
same as that of the other Coelenterata ; and even the earliest stages 
of the fixed planula present no essential differences. The appear-^ 
ance of tentacles and the subsequent internal differentiation give 
rise to various differences, the first of which affects the fundamental 
number of the secondaiy axes of the body. In some only four 
tentacles appear (Tetractinia), in others six (Hexactinia), and finally^ 



The body of the young animal is generally cylmdncjal, but this 
form is retaoned in a few divisions only (Cereantnus^ Actinia). In 
the other forms colonies are built up^ and this causes the external 
appearance to vary greatly. The stocks (Polyparise) are formed 
either by incomplete division, or by gemmation, or by both com- 
bined. 

liongitudinal division aids in the formation of the colony to a 
varying extent. In many cases it is merely indicated by transverse 
growth, and does not lead to any division of the organism, as in 
many Fungiaa. In others, division affects the oral surface only, and 
the internal parts remain continuous. When this process goes on 
for some time, colonies with a large number of orifices are formed, 
which are arranged in variously-curved rows, beset at their edges 
with tentacles (Maeandrina). Whfist flattened or extended racemose 
colonies are formed in this way, branched stocks are formed when 
division is combined with a considerable growth of the persons in 
a longitudinal direction ; and these stocks may not only vary in size 
but also be branched in various ways. In the same way gemma- 
tion may be the cause of the formation of complicated colonies. In 
either case there is a portion of the body (coenosarc, coenenchyma) 
common to all the persons, and belonging to the common stock. 
The basal portion of the stocks of those Octactinias, which are not 
fixed but set loosely in the mud or sand, are developed from this 
coenosarc and form a solid stalk-like portion of the stock, in which 
gemmation does not occur (Pennatulidae). 


§ 78 . 

In the Otenophora, which is the division differing most from the 
other Acalephae, the permanent form of the body is developed from 
a larva, which in all essential points is similar to that of the others. 
In the Otenophora there are four secondjary axes, perpendicular 
to the primary, and the most important organs are arranged 
conformably to these. The body therefore follows, generally, the 
radiate type, which is best developed in the Beroidae. This eight- 
rayed form is, however, derived from a four-rayed form, each radius 
having been split up into two. Bach of the two radii which arise 
from a primitive rc^us are equivalent to the opposite radii of the 
same trwsverse axes. The development of the body follows the 
poles of one of the two transverse axes. The differentiation which 
anses in this way is clearly seen in the Oydippidse; it is more 



APPENDAGES OF CCELENTEEATA. 


101 


distinct in the Mnemidas^ owing to the presence of lobate processes 
directed towards the oral pole^ and most distinct in Cestiim, where 
the form of the body has become that of a band^ from its haying 
grown in the direction of two similar interradii. 


Appendages* 

§ 79 . 

I comprise under the head of appendages those processes of the 
body which are known as tentacles; they are either altogether 
absent or are only just indicated in the Spongias, but in the 
Acalephas they are widely distributed, and largely affect the external 
form of these organisms, in addition to which they are of great 
physiological importance to its general economy. Most of them 
are, like the wall of the body, contractile, but there are stiff forms 
which are not capable of much movement (TrachynemidaB), The 
tentacles are the seat of a large amount of sensibility, and function 
as sensory organs ; in many cases they are organs of prehension ; 
and, finally, they serve as organs of offence by means of the 
urticating cells which are attached to them. 

The Hydroid-Polyps present the lowest condition; in many 
divisions of them the tentacles are scattered over the surface of the 
most anterior portion (or portion lying nearest the oral pole) of the 
body. In many they may be seen to be arranged more regularly, 
and in others they form a circlet of tentacles (Hydractinia, 
Eudendrium, Oampanularia). This is generally placed at some 
distance from the mouth, and gives a higher importance to this) 
part, which appears to be analogous to a head; and, indeed, the/ 
tentacular portion of the body (hydranth) of the Hydroida is c^ed; 
a capitellum.^^ 

The development, in the Tubularia, of a second circlet of 
tentacles, which directly surrounds the mouth, is correlated with the 
higher differentiation of the whole body. The outer circlet of 
tentacles is moved to the edge of the hydranth, as this portion 
becomes flattened out into a disc. Oral and marginal tentacles 
can then be made out. The latter are greatly developed among the 
Hydromedusm as well as among the Medusee. 

The marginal tentacles, or marginal filaments, which are 
generally greatly elongated filamentous appendages of the edge of 
the bell or disc in the Hydromedusro, are always arranged in corre- 
spondence with the radii of the body. Where interradial tentacles 
are orient, they generally follow the radial ones, even when there 
is a large number of them. Sometimes they are arranged in tufts 
(Idzzia), or are branched (Cladonema). In opposition to the increase 
in the number of tentacles, until it surpasses that of the rays, is the 
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diminution of these structures. Saphenia has only two tentacles : 
in some forms, only one is developed (Stenstrupia), In the Trachy- 
nemidae also, the tentacles are arranged radially, and many, as the 
iEginidas, have interradial ones in addition. The attachment of the 
tentacles to the body is peculiar, as the tissue which supports them 
often sends a considerable process into the body. Eeduction occurs 
here also. iEginopsis has only two tentacles. In the Geryonidae a 
change of tentacles takes place, the young animal having filaments 
which are not permanent (larval tentacles) and which are different 
in structure from the permanent ones. 

The oral tentacles distributed among the Hydromedusae like- 
wise correspond in number to the radii of the body. They are 
sometimes simple, sometimes branched. They are not, however, 
always present, and are frequently replaced by outward growths of 
the edge of the mouth. They are generally wanting in the Trachy- 
nemidaa and ^Eginidae. 

Among the Siphonophora all the medusiform persons want the 
marginal filaments, which seem to be indicated merely as rudiments ; 
as, for example, in the nematophorous enlargements of the protective 
persons. This want of an organ important in the economy of the 
colony is compensated for by the " tentacles and the grappling- 
lines,^^ which can bo shown to be modifications of medusiform 
persons (§ 75). 

The marginal filaments are wanting in the divisions of the 
Rhizostomidae and OyaneaB among the Discophora; they have four 
large groups of tentacles which arise from the lower surface of the 
umbrella, and which can be considered either as marginal filaments, 
or as oral tentacles. In others there are marginal filaments present, 
corresponding in number to the radii, and sometimes even interradial 
ones are present. Even in the Charabdeidae, Oharabdea has four 
tentacles carried by the arrow-shaped processes of the bell; in 
Tamoya (T. quadrumana) these are represented by the same number 
of tufts. The filaments are more numerous in the Pelagise, whilst 
the Aurelias are distinguished by a very large number of fine marginal 
ones. Oral tentacles are developed as fine fringing processes on 
the edges of the arms which surround the mouth. In the Rhizo- 
stomidae they are distributed along the numerous grooves which 
carry the oral pores. 

Two kinds of marginal filaments may be observed in the Lucem- 
ariae ; in one division (L. cyathiformis) the filaments which beset the 
edge of the cup-shaped body are just like those which are found in 
the Mediwae, but they may be seen to be broken up into eight 
groups ; in the other (L. auricula) they form eight tufts placed on 
the ends of the four processes which project from the body. 

The tentacles of the Anthozoa are different in the large groups of 
that class. Eight lamellar tentacles, indented or feathered in appear- 
ance, surround the mouth of the Octactinia. There is a much larger 
number of cylindrical tentacles in the Hexactinia. They surround 
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the oral surface of the body, or are scattered over it; they are 
sometimes produced on to lobate processes also. 

In the Otenophora, processes of no great size are also occasionally 
present on the edge of the mouth in some families (Calymnidaa, 
Callianiridae) ; and there are large elevated lobate extensions of the 
body, which we may regard as tentacular organs, although morpho- 
logically they are different structures. Besides these, some genera 
(Cydippidse) have grappling-lines,^^ which resemble the marginal 
filaments in the Medusae, and correspond in position with the poles 
of an interradial transverse axis : sometimes they are provided with 
secondary appendages. 


Integument 

§80. 

The most primitive characters of the integument of the Coelen- 
terata are seen in the Spongiae, where it is composed of the ecto- 
derm, which is but slightly differentiated, and follows the various 
changes of form in the endoderm, which limits the nutritive cavity. 
The special characters consequent on this relation are referred to 
below (§87). In the Physemariae the cells of the ectoderm form a 
syncytium. In the Porifera they may be sometimes seen to form a 
thin layer (Halisarcina, Sycon). 

Among the Acalephas, the ectoderm undergoes differentiation 
very early, so that the most external layer of cells, or epidermis, 
which is distributed over the whole body, represents in most cases a 
portion only of the primitive ectodermal layer. The investment 
of cilia, which in the Spongiae is limited to the earlier stages of 
development, not only persists in the Acalephae during the so- 
called larval stages, when it has a locomotor function, but is 
frequently continued on into the later stages, when it is generally 
limited to separate parts, e.g. the tentacles. 

As the body increases in size, the importance of the cilia, as 
locomotor organs, disappears. In one class only — the Otenophora — 
do they retain this function, and they are then increased in size. In 
the place of the general investment, as seen in the larva, structures 
resembling cilia are disposed in longitudinal rows, and by increasing 
in length and breadth become converted into movable swimming 
or rowing plates. The plates are attached to the body by their 
broader base ; it is at this point only that contractility, dependent 
on the voluntary influence of the animal, is manifested ; the rest and 
larger portion of the plate seems to be rigid. There are generally 
eight rows of these plates, which act as steering organs ; but in many 
Otenophora there are only four rows (Oestum). The urticating 
capsules (nemocysts) are special differentiations of the epitheliJ 
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domeatB, winch are found in all the AcalephaB^ although they 
are not confined to them. They are firm capsules (Fig. 35, 15), 

which are formed in the protoplasm of the 
cell, and in which an elastic, spirally-coiled 

f f\ thread {A) is found ; this is generally emitted 

\J in the form of a stiff body, when the cap- 

T sule is touched. These stinging organs 

^1 are sometimes solitary, sometimes in groups, 

Q I and at times they are very regularly arranged. 

V I They often become greatly complicated, as 

! j in the stinging knots of the Siphonophora, 

I I where they are often arranged in spiral 

f I bands. These stinging batteries develop 

J j on the surface, but are often provided with 

I a special investment formed by a fold of 

I the integument. 

j Although these structures are scattered 

j over the whole surface of the body, and are 

I not absent even from the endoderm and its 

I products, yet many parts of the body are 

I specially characterised by them ; above all, 

j the tentacles, or other processes of the body. 

I I The urticating capsules vary greatly in form, 

‘ I as does the filament in structure ; and these 

2 ) differences are characteristic of the different 

rMi divisions. 


Fig. 35, Different forms of 
urticating capsules, a Cap- 
sule of CorTuactis ; 1 With 
the filament spirally coiled ; 
2 Extended. B C Capsules 
of Siphonophora: the fila- 
ments extended and partly 
provided with hooks. D Ur- 
ticating cells of Medusas; 
filaments still rolled up ; in 
one not yet differentiated, 
and the nucleus of the cell 
still visible. 


Further, the ectoderm has a secreting 
activity, by which tests, which more or 
less invest the body, are formed. They are 
very common among the Hydroid-Polyps, 
where they are formed of a firm substance 
allied to chitin, and are often provided with 
various sculpturings, flutings, spines, ridges, 
and so on. These tuWar tests are especially 
found among the colonial Hydroid-Polyps ; 
they are sometimes limited to the fixed 
portion of the common stock (Hydractinia), 
sometimes continued on to the branches 


of the stock (Tubularia, Budendrium, Pennaria), and sometimes 
they are found even on the separate persons (Campanularia, 
Sertularia). This provides the soft polyp-stock with an organ of 
support, by which it is enabled to raise itself from the ground, as 
well as to attach itself. 
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Skeleton. 

§ 81 . 

In addition to the organs of support, which are formed by the 
above-mentioned tests, the Coelenterata have various other forms of 
skeletons, which are differentiations of the mesoderm. 

There are none in the Physemarias, which make up for the 
absence by taking up foreign bodies into their ectoderm ; in the 
Porifera, some of which have no firm structures (Halisarcina), organs 



Fig. 36. A portion of the surface of the body of a Calcareous Sponge (Sycaltis 
perforata) to show the triradiate spicules, o Dermal ostia, each of them surrounded by 
a circlet of spicules (after Hackel). 


of support are formed by firm needles (spicula), or softer fibres, 
which are placed in the mesoderm. The former are formed of chalk, 
or of silica ; the sponges are known accordingly as Calcareous or 
Siliceous sponges. The spicules of the Calcispongisa are simpler in 
character, for they are either acicular tri- or quadri-radiate ; they 
present great regularity of distribution and arrangement, together 
with numerous modifications in individual characters. The above 
figure gives a representation of the spicula of a Calcareous Sponge. 
The hard structures, when formed of silica, are much more varied in 
form. In addition to the acicular structures, which are combined 
together in various ways to form multiradiate stars, there are 
various other kinds of firm parts, as, for example, the amphidiscs 
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(Fig. 37, 2). The siliceous spicules are often greatly elongated, 
and form excessively delicate skeletons (Euplectella), or they form 
bulky structures which project as tufts of fila- 
A ^ ihents far beyond the body (Hyalonema). Lastly, 

|l\ in the Fibrospongiae, the skeleton of the body 

1 1\ ^ is formed by fibres united into a network, which 

i'lvl consist of a substance allied to chitin. 

|C) In the Acalephac also the deposition of in- 

organic substances in the mesoderm leads to the 
Yl formation of various kinds of skeletons. In the 

Anthozoa they generally have the form of colonies, 
and the hard substance is almost always formed 
rSunlnnhSw of calcareous salts. TJiese give rise to deposits 
Spongilia.^ 2 Yes- (Fig. 45) of definite form (Fig. 38), which are 
icle with an amphi- scattered in the soft parts of the body; or to 
connected masses, which vary in form according 
^ kiihn). ^ to their mode of development. The calcareous 
bodies (spicula) always lie in the connective-tissue 
of the parenchyma, and are very varied in form. They have an 
organic basis, which retains the form of the spicula after the lime 

is removed. The connected skeletal 


parts are formed either by the union 
of spicula, which are connected to- 
gether by a hard organic substance, 
as in Corallium, or by the direct cal- 
cification of a secreted horny sub- 

Fig. 38. Calcareous Spicules of Stance, which lies in the axes of the 
Alcyonium. coenenchyma, and does not possess 

spicula. When the organic sub- 
stances predominate the skeleton is horny, as it is in the Gor- 
gonidm and Antipathidas. These axial skeletons are sometimes 
limited to the trunk of the colony, as in the Pennatulidas, where 
they lie in the shaft of the stock, or they may be continued into 
all the branches of the stock. There is another form of skeleton, 
which resembles the axial ; it is formed by the gradual calcification 
of the parenchyma of the body, in which process spicula sometimes 
take part. In this way the aboral portion of the whole body is 
more or less completely hardened. A proportionate forward growth 
of the body at its oral pole occurs at the same time, and the parts 
which are completely calcified represent the dead base. Skeletons 
of this kind form the calcareous supports of the Fungias, Astrasidse, 
Madrepores, and of Tubipora. The skeleton thus formed must be 
regarded as a continuation and development of the skeletons which 
are found in the Spongise. 




Another kind of supporting organ is formed in the interior of 
the body by cuticular structures, or by differentiation of more resistent 
connective substances. The simplest example is again found in the 
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Hydroid-Polyps, in wliich a homogeneous lamella appears between 
the ectoderm and endoderm; this functions as a supporting 
lamella to the softer tissues, which are attached to it. Owing to 
the formation of external tests, this structure has less importance as 
an organ of support in certain parts of the Hydroida: it is very 
thin in the parts where the tests are found, but it is much stronger 
in the free parts of the body, which are not sheltered in the test. 
We find a strong layer of supporting tissue in the wall of the body 
of the Tubularia, which belongs to the free portion or hydranth 
of the animal. This tissue consists of a homogeneous substance 
traversed by fibres, and embedded between the ectoderm and 
endoderm. This appears to be the first step in the formation of 
an arrangement, which is highly developed in the Medusae, the 
so-called gelatinous disc, but in many of them (Medusae of 
Clavatella, and Eleutheria) is also only slightly developed. 

The gelatinous disc is in the Hydromedusae either completely 
homogeneous or is traversed by fibres, which extend from the 
ectoderm to the endoderm. It forms a disc, which is attached to 
the aboral surface of the body, and which determines the form of 
the body (Fig. 39, 1 ) ; it 
may become modified into 
the form of a bell. The 
organs derived from the 
endoderm, which consist 
principally of the gastric 
apparatus, lie on the oral 
surface of the disc. 

Although the gela- 
tinous umbrella of the 
Discophora agrees in its 
external characters with 
that of the Hydrome- 
dusoa, it differs from it in 
some not unimportant 
characters. Its substance 
contains various morpho- 
logical elements, which resemble those of gelatinous connective tissue, 
and it is continued on the oral surface over the so-called stomachal 
stalk. It surrounds, therefore, the greater part of the gastrovascular 
system. 

Of less moment are the characters presented by the supporting 
structures of the tentacles of many Hydromedusm. In both the 
Hydriformes and Medusae (Trachynemidae, ^Eginidae) the axis of 
the tentacle is formed of a series of cells, the elements of which 
appear to be encapsuled by a more or less homogeneous mem- 
branous layer (cf. Fig. 9). The rows of cells are thus to a certain 
extent rigid. A ring of much the same structure (annular cartilage) 
is found on the edge of the disc of the Geryonidae. 



Fig. 89. Diagram of a vertical section tlirongh a 
growing Cimina rhododactyla ; on the right side 
through a radial, on the left through an interradial 
vertical plane, b Marginal vesicle, c Hadial canal. 
g Generative products, h Mantlefold, h Stomach. 
I Gelatinous disc, r Radial pouch, 1 1 Tentacle. 
t w Base of tentacle, v Velum (after E. Hackel). 
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Muscular System. 


§ 83. 

Form-elements, referable to muscles, are not certainly known to 
exist among the Spongim ; in the more exactly known Calcispongiae 
they are certainly absent, and the protoplasm of the ecto- and 
endoderm performs all the movements of the animal. 

A muscular layer is first marked off in the Hydromedusae 
(Hydriformes), where the cells of the ectoderm possess band-like 
processes, which form a connected stratum beneath that layer of 
cells (cf. supra, § 25). This layer is also continued on to the ten- 
tacles, but is wanting in those parts of the colony which are sur- 
rounded by a test. In some parts, as in the stem of the colony in 
the Siphonophora, it is greatly developed. In the Medusas it is 
limited to the surface which carries the gastric apparatus, where it 
forms the sub-umbrella.^^ Prom the edge of the bell or disc it 
passes into a more or less broad membranous process, the velum, 
which consists essentially of muscular fibres ; it is also continued on 
to the tentacular organs. The muscular system is more complicated 
in the Discophora, many of which also are provided with a velum 
(Aurelia). In all the Medusae the form-elements of the muscles 
are finely striped transversely, but this is not the case in the same 
parts of the Hydriformes. 

In the Ctenophora muscular bands have been observed running 
along the ciliated ^^ctenophores;^' and there are muscular fibres in 
the interior of the gelatinous tissue of the body. 

The muscular system appears to be best developed in the 
Anthozoa. Thus, in the Actinias, the attached base of the body is 
distinctly formed by muscles, and circular and longitudinal fibrous 
layers can be made out on the rest of the body, which are continued 
into the tentacles. In those Anthozoa that form stocks, the bodies 
of the separate animals appear to have circular and longitudinal 
muscles, whilst the soft coenenchyma is also contractile, the network 
of canals of the gastrovascular system, which traverses it, being 
accompanied by muscular fibres. 


Nervous System. 

§ 84. 

The Spongias are placed in the lowest grade of animal differentia- 
tion, owing to the absence in them of any arrangements which can 
be regarded as special organs of sensation. The Acalephse are 
not &r above them, for their lower forms likewise give no signs 
of distinct organs of this kind. Thus the cellular layer of the 
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ectoderm, in the Hydroid-Polyps, is as yet an indifiEerentiated 
organ of sensation. Irritations of it produce movements of the 
fibres of the muscular layer connected with the cells (§ 25) ; and 
it is only in the Medusa© that distinct parts can be recognised as 
belonging to a nervous system. These form a ring, which runs 
round the edge of the disc, and which is formed of a fibrous 
tissue, on which ganglionic swellings, formed of cellular elements, 
are placed at regular intervals. The ganglia correspond in position 
to the marginal bodies, which are to be considered as sensory 
organs, and send off fibres which pass partly to the tentacles, and 
partly accompany the radial canals. This nerve-ring, which is 
most accurately known in the Geryonide©, is supported on the 
annular cartilage, and lies between it and the circular canal at the 
edge of the disc. The swellings of the nerve-ring represent central 
organs, which are connected with one another by the fibrous portions. 
From experiments also in which the edge of the disc was divided, 
it seems clear that there is a central nervous system in it. 

The nervous system of the Ctenophora is as yet not well known. 
As to the rest of the Acalepha©, no organs of this kind are known 
with any certainty. 


Sensory Organs. 

§ 85. 

Owing to the imperfection of our knowledge of the nervous 
system of the Coelenterata, no definite opinion can be given as to the 
parts which are to be regarded as sensory organs. This remark 
refers as much to the arrangements which we regard as subserving 
the sense of touch as to higher sensory organs. Special processes 
of the body appear to serve for the general tactile sense which is 
present in the integument, and these we have already spoken of as 
tentacles (§ 79). Whether there are, on the other hand, special 
organs, must for the present remain undecided ; although the 
presence of stiff seta© on the tentacles, and around the mouth, 
leads us to admit the existence of distinct organs of touch. 

More differentiated organs, adapted for sensory perceptions, 
are found in the so-called Marginal bodies,^’ whi^ are attached 
to the edge of the umbrella in the free Medusa©, and which are of 
two distinct kinds. The first have the appearance of vesicular 
structures, the second are collections of pigment provided inth a 
transparent refracting body, similar to those organs which, in the 
higher animals, are seen to be the terminal organs of the optic 
nerves. The former, or marginal vesicles, are either embedded 
in the substance of the disc, or project freely at its edge. They 
consist of a homogeneous capsule, covered with epithelium, and 
enclose one or more concentrically striated concretions, or small 
crystals. The concretions are in close relation with the wall of 
the vesicle, being encased in a spherical outgrowth of it. As 
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they do not lie in the free cavity of the vesicle they cannot be 
definitely regarded as similar to the auditory vesicles of other low 
animals ; at the same time, it is not possible to give them exactly 
any other signification. It is clear that they represent sensory 
organs from their intimate connection with the nerve-ring, for a 
double fibrous band arises from the ganglion, which is placed below 
each marginal vesicle, and surrounds the vesicle; after uniting 
with it, the fibres pass into the spherical mass of cells, which 
contain the concretion (Geryonidae), This marginal vesicle is 
most common among the Eucopidm, Trachynemidae, Geryonidae, 
and .^Eginidae. 

In Cunina crystals are present, so that its marginal vesicles form 
an intermediate step towards the similar structures in the Discophora. 
The marginal vesicle in the Discophora is always stalked (Fig. 40, 
A B b), and lies in a fissure, or a niche-like depression of the edge 
of the disc, covered with a lamellar umbrella-like process of it. 
A cavity (ampulla) forms a large part of the marginal body (cZ), 
and is connected with the gastrovascular system by means of a 
canal, which passes into the stalk (c) ; attached to this ampulla, and 
occupying the free edge of this marginal body, is a vesicle (e) 
filled with crystals, and resembling the similar one in the ..jEginida) 
(Cunina). The most important difference between the two is 
therefore the absence in Cunina of the ampulla formed by the 
gastrovascular system. 

Organs of another kind also are found in the Hydromedusse. 
They appear to be in a relation of mutual exclusion to the marginal 
vesicles, as they appear in those families only (Oceanidae) which 
have no vesicle. The first indication of them is the appearance 
of pigment spots on the base of the tentacle, which, as a rule, have 
no refractive media ; in other cases, on the contrary, they are pro- 
vided with structures which call 


^ ^ to mind the crystalline cones 

of other lower animals. In the 
I Discophora these ocelli are com- 

/ bined with the alroady-men- 

( tioned marginal bodies ; they 

\ sometimes consist of pigment 

only, while in other forms the 
pigment appears as the invest- 
ment of a highly refractive body 
Fig. 40. Marginal body of Acraspedotae (Fig. 40, B g), 

Med^iisee : A Of Pelagia nootiluoa ; B Jn the Ctenophora, also, there 

Of Oharybdea marsupialis. aThefree • i ^ mi. 

part of the marginal body placed between special sensory organs. ^ Tho 
the margwl notches in the disc, h Stalk. most important is a vesicular 
c Canal in it. d AmpnUa. e Crystalline structure, which is attached to 
saoonle. /Pigment, g Lene-Uke body. ^he aboral pole of the body, and 

contains solid concretions, like 
the otoliths in the auditory vesicles of other lower animals. The 
functional importance of this organ is, however, not yet exactly 
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known; just as uncertain is that of the two ciliated surfaces, on 
either side of this vesicle — the polar areas, which are surrounded 
by short fringe-like processes. 


Alimentary Canal. 


§ 86 . 


With the separation of the body into an ectodermal and an 
endodermal layer, we get the lowest condition of the organs of 
nutrition; the endoderm investing a space which is open to the 
exterior, and which is the earliest &tinct digestive cavity (stomach, 
enteron) — (cf. supra, § 28). This condition is simplest in the Gastrula 
form, and undergoes various differentiations in the two chief divisions 
of the Coelenterata. The stomachal cavity, that is, does not remain a 
mere simple space, but grows out into various kinds of cavities, 
canals, pouches, and so on, which are either distributed irregularly 
in the organism, or are arranged in a definite way. As a rule, 
division of labour takes place at the same time, and only one 
definite part, or several such parts, functions as a digestive cavity, 
while the other spaces are used to distribute the nutrient fluid 
(chyme). But this gastric system has other functions too. There 
is no doubt that it also has a respiratory function, by distributing 
through the body the water that was taken in with the food; and 
for this purpose it has, especially in the Spongiee, a much more 
extended surface than has the outside of the body. Finally, it has 
important relations to reproduction, for the generative elements 
are formed in its walls. 

§ 87. 


Among the Spongiso the simplest form is limited to the early 
stages of development, or is per- 
manent as in the Gastreeades. 

Almost the only complication 
in the Gastrasades is the de- 
velopment of an arrangement 
for producing a current at the 
entrance of the simple enteric 
tube. In the Porifera there 
are various new complications. 

Temporary spaces appear in the 
endodermal layer, which break 
through to the exterior, so that 
in addition to its mouth (Fig. 41, 
o), the enteric cavity is con- 
nected with the exterior by 
pores at various points, which 

open and again close. .The number of these pore-canals (dermo- 



Fig. 41. An Asoon-stock of nine persons 
(individuals). Diagram. e Eotodehn. 
i Endoderm. o Mouth, g Enterio cavity 
(after E. H4okel). 
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^stric pores), which have consequently a dermal and gastric orifice, 
is generally very great ; their number is dependent on that of the 
^aces which are bounded by the rays of the spicula (cf. Fig. 36, o). 
These characters are very distinct in the lowest forms of the Oa!^i- 
spongise, the Ajscones (Olynthus). 

The development of diverticula of the enteric cavity gives rise to 
a second form; the diverticula are continued into the correspondingly 
thickened ectoderm, where they form more or less branched canals ; 
from these, again, fine canals, which are also branched, open into the 
dermal pores. The enteric cavity, as it becomes more and more 
divided into branched canals, loses its importance as a stomach, and 
at the same time its endodermal investment, which is now limited to 
the branched canals. But the endodermal layer does not extend 
over all of them, but is finally restricted to their diverticula, which 

are thus converted into 



the so-called ciliated 
chambers. Thus the 
function of the enteric 
tube passes more and 
more from its primitive 
locality into the addi- 
tional spaces, which 
are gradually developed 
from it. 

The subjoined figure 
(Fig. 42) represents the 
last stage in which the 
endoderm invests the 
ciliated chambers only 
(ir). Modifications of 
this form which obtains 
in the group of the Leu- 
cones, among the Cal- 
cispongiae, are formed 
by the union of the 
branched canals and of 
the ciliated chambers 
one with another, 
whence arise retiform 
canal systems. The 
Siliceous and fibrous 


Pig. 42. Diagram of the gastric sjstem of a Leucon Sponges conform to 
(Dyssyons ananas), where branched canals are this type, 
develop, o Month, g Enteric cavity, p Dermal a 

canals, w Ciliated chambers. The difference between _ A tnird lOrm arises 
the ectoderm and endoderm is represented in the same by the formation of 
way as in the previous figure (after B. Hackel). closely adjoining canals, 

directed radially to the 
stomachal cavity, which in their characters correspond to the simple 
Ascon form, but which generally communicate with the extenor 
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by dermal pores only. The primitive enteric cavity in them, as in i 
the Leucones, where it loses its layer of flagellate cells (endoderm), 1 
also loses its nutritive functions, which are confined to the radial ^ 
tubes. These latter seldom remain free, but generally unite either, 
in part or completely, by their walls with an important layer which 
surrounds the primary enteric cavity. A system of canals, which 
are only invested by ectoderm, is formed out of the space between 
the radial tubes when these only fuse in part. This form may be 
seen in the Sycones, among the Calcareous Sponges. 

Innumerable modifications, including individual varieties, are 
present within the range of one type-form. The primary enteric 
cavity is altered in character by the formation of diverticula, as well 
as of septa, or trabeculae, and may even be completely atrophied, 
while the canal system arising from it is developed ; this phaenomenon 
(lipogastria) is not uncommon in the Fibrous and Siliceous Sponges. 
A similar atrophy may even affect the mouth (lipostomia) without 
affecting the stomach; in such a case the dermal pores take on 
the function of ingestive canals; or numerous small spaces, as in 
Euplectella, arise in the place of the mouth. 

§ 88 . 

The form of the gastric system is greatly affected by the forma- 
tion of stocks, a process due partly to the concrescence of free persons, 
and partly to budding. The union, according to the degree of its 
development, may then simply cause communication between the 
stomachal cavities, which persist for each person (Fig. 41), or lead to 
a complete union of the cavities; in which case the mouths too 
may undergo reduction, or become reduced to one, which likewise 
may disappear. 

A special system of cavities (inter-canal system) also arises from 
the formation of stocks. This system is formed from the spaces 
which persist between the unconnected parts of the persons, or the 
anastomosing branches, of the body ; this, like the system mentioned 
above in the Sycones, is bounded by the ectoderm only, and is thus 
essentially distinguished from the gastric system. It is remarkable 
for considerable irregularities in its arrangement, and forms also 
wider spaces, which deceptively resemble a stomachal cavity in that 
they possess a mouth. 

From all these arrangements a significant change of function 
in different parts is seen to accompany the change of form in 
the Spongiae. The physiological activity of the digestive cavity 
is not only shared by the secondary canals which arise from it, 
but even passes away from it altogether, or is limited to separate 
portions of it, when consequently the stomach sinks, physiologically 
speaking, to a lower grade. On the other hand, an important func- 
tion becomes localised by this change of the primitively subordinate 
portions of the canal system, and even the original /surface of the 
body of the sponges gets a higher significance, in virtue of its 
serving as the lining of the inter-canal system. Everything distinctly 
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shows that the organisation of the Spongias is not only very vari- 
able^ but also that to understand it, it is absolutely necessary to 
distinguish clearly between the physiological and the morphological # 
value of an organ. 

§ 89. 

In its earliest characters the formation of the enteric cavity 
of the Acalephas agrees with that of the Spongias, but in the matured 
condition there are peculiarities in the Acalephas, owing to the 
greater regularity in the arrangement of the system, which is 
developed out of a simple cavity. The mouth, the extent of which 
is often increased by the development of accessory parts in its 
neighbourhood, leads into the digestive cavity, and serves also as an 
openiug for the excretion of undigested matters. The principal 
cavity seldom remains single, but grows out into secondary cavities, 
which have the character of pouches, or of canals, and which also, 
as a rule, correspond to physiological differences, since by them the 
chyme which is contained in them is distributed through the body 
of the person, and of the stock. These accessory spaces of the 
digestive cavity, included with the latter under the designation 
gastrovascular system,^^ undertake the function of a circulatory 
system, without being, morphologically, anything else than the dif- 
ferentiations of a primitive enteric cavity. The gastric system of 
the Acalephse agrees therefore genetically with that of the Spongim, 
but is distin^ished from it by the exhibition of a higher differentia- 
tion. This is seen in the difference between the accessory spaces 
and the central primary one, which forms the stomach, to which its 
functions are ordinarily limited, and which are not, as in the Spongige, 
handed over to the secondary spaces. 

§ 90. 

The simplest form of the gastrovascular system is found in the 
Hydroida. In Hydra it forms a space traversing the long axis of 
the body, which commences with the mouth, in the middle of the 
circlet of tentacles, and is continued from the next portion, the 
stomach, which is capable of great extension, into the thinner 
portion of the body, where it is narrower. This space is also con- 
tinued into the tentacles. In the Hydroid-Polyps which form 
colonies, the canal which arises from the stomach runs through the 
whole stock, and makes the gastrovascular system common to all the 
persons. In the stocks of the Siphonophora, some persons only are 
set apart for the ingestion of nutriment. Each corresponds in 
structure to the stomachal tube of a Medusa, and forms a tube 
capable of great extension, which is connected at its base with the 
gener^ cavitary system of the stock. In this case, then, we must sup- 
pose tmt this sort of individuab( has lost all the arrangements found 
^ ^ Medusa, with the exception of the stomach (§ 75). 

The crastric svstem of the Medusae (Hydromedusae as well as 
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Fig. 43. A Thaumantias. 
A From the lower surface. 
B Seen in section. In the 
middle of the body is the 
stomach, from which the 
radial canals pass to the 
circular canal. 


concave portion of the gelatinous disc, and consists of a stomacli 
placed in the middle of this cavity, and of hollow spaces which 
proceed from it. The stomach either lies 
directly beneath this surface, or is placed on 
a special stalk, which arises from it, and is 
often of considerable size. This free projec- 
tion of an organ, which in other animals is 
hidden within the body, is explained by the 
differentiation of the stomach of Hydrome- 
dus 80 from the most anterior portion of the 
body of the Hydroid-Polyps, so that it does 
not represent a single organ, but a complete 
portion of the body. The mouth is generally 
surrounded by tentacular organs, or pointed 
prolongations of the wall of the stomach ; 
it seldom opens into a narrow portion resem- 
bling an oesophagus. In most Hydromedusae 
the stomach is separated from the space that 
lies behind it by a ring which is developed at 
its base ; by the contraction of this ring, the 
stomachal cavity can be shut off from the 
rest of the gastrovascular system. The stomach varies greatly in 
form and size. It projects far beyond the edge of the bell-shaped 
umbrella in the Sarsiadae. The 
hollow spaces which are distributed 
in the sub-umbrella arise from the 
base of the stomach, or from the 
space which lies behind it, and have 
the form of narrow canals, or of 
wide pouch-like diverticula. The 
narrow canals take a radial course 
(Fig. 43) to the edge of the um- 
brella ; they are simple or regularly 
branched, and they open into the 
circular canal, which often sends 
processes into the marginal ten- 
tacles also. On their way to the 
margin, the radial canals may form 
diverticula, which are functionally 
connected with the generative 
apparatus (of. § 96). 

In the^jEginidas and Discophora 
the gastric cavity passes directly 
into the radial enlargements ; 
these latter are derived from 
simpler canals. Narrower canals 
sometimes, indeed, alternate with 
wider spaces. The canals are 
branched (Fig. 44, gv), or form, as in 



Fig. 44. Aurelia aurita. Half of the 
lower surface is seen, a Marginal bodies. 
h Oral arms, v Gastric cavity, gv Canals 
of the gastrovascular system, which 
branch towards the edge and unite into 
a circular canal, ov Ovaries. 
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o{^ &6 nnibr^la ia oontinaed into the wall of the stomaoh in the 
itomacli is not very sharply marked oflE from the rest 
of the gastric system. Its wall is always continued into arm-like 
appendages^ which, as a rule, project into folded membranes (oral 
arms) ; the mouth is placed between these. Division of these arms 
leads to further modifications, which give rise to greatly ramified 
appendages. In this case numerous grooves, which gradually unite, 
lead to the mouth, in correspondence with the form of the arms. 
In the Ehizostomidse the mouth remains open during an early period 
of development only, and afterwards becomes closed by the gradual 
union of the arms,” which limit it, and in which the grooves form 
branched canals, which open at the ends of the ramifications of the 
arms by numerous fine pores (polystomia). 

In the Lucemariae the structural conditions of the gastro- 
vascular system closely resemble those of the Medusae. A stomachal 
tube, projecting from the concave surface of the umbrella, and pro- 
duced into four angles, leads into a wide space, which is continued 
into four pouches, and may be elongated into four canals, which pass 
into the stalk. The four pouches correspond to widened radial 
canals, and are, as in the Medusae, connected with one another at 
the edge of the umbrella, and so form a circular canal. In others 



this character is modified in such a way that the stomach is continued 
into the body, in a tubular foim ; and at its end, which projects into 
the stalk, gives rise to radial canals, which whilst becoming enlarged 

run outwards towards 
the margin of the disc. 
A The gastrovascular 

system in the larvas of 
Discophora and in 

similar in character. 


The gastric system 
of the Anthozoa ex- 
tends by means of an 
oesophagus from the 
centre of the tentacle- 
bearing surface of the 
Fig. 45. Transrerse section through a portion of the body into the interior, 
stock of Alcyoninm, in which two individuals, ^-4, are where it opens into 
cut through just below their junction with the coonen- the diffestive cavitv. 
chyma, and a third, F, somewhat lower, v WaU of 
oesophagus, c Radial canals (chambers of the body. 

cavity), s Septa, o Ova. Fart of the coenenchyma pass upwards along the 
traversed by canals is seen to contain calcareous bodies, sides of the oesopha- 

. ^ gus into the tentacles. 

Owing to the width of the canals connected with the stomach, 
the intermediate tissue is reduced to a mere partition (d), which 
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ODSophagus. The canals thus appear to be chambers (c) attached to 
the oesophagus^ which unite into a common central i^paoe the digestive 
cavity, or stomach (R), and so communicate with the oesophagus. The 
number of these chambers is eight in the Octactinise, and varies 
in the other Anthozoa, but is arranged according to the same law 
of numbers, as is expressed in the other characters of their organisa- 
tion, as for instance in the number of the tentacles. The septa of 
the gastrovascular system are usually continued for some distance 
along the wall of the digestive cavity, and terminate as elongated 
bands or pads. When, therefore, the stock is calcified interradial 
lamellae are formed, passing inwards from the wall between the 
gastric lamellae. 

In the colonial Anthozoa, the central cavity is connected in each 
person by means of a canal system which traverses the coenenchyma 
(Fig. 45), and thus every individual is directly connected with the 
rest. This canal system forms a network of tubes of various widths 
which distribute the nutritive fluid in the stock. At one point of 
the common trunk, in the stocks of the Octactinise, several canals 
are united into a wider space, from which an orifice leads to the 
exterior; this, probably, serves as a means of regulating the ingress 
and egress of the water which flows through the gastrovascular 
system (Pennatula, Renilla). A similar opening has been 
observed in Cereanthus ; it corresponds to the pore of the Hydrae, 
and like it is placed at the aboral end of the body. These arrange- 
ments, which give to the gastric system the significance of a water 
vascular system, have, in many Anthozoa (Corals), the form of fine 
pores scattered over the surface of the 
body; they can only be perceived at the 
moment they are in function — that is, when 
expelling water. Similar pores are also 
found on the tips of the tentacles in many 
Actinias, etc. All these arrangements call 
to mind the dermal pores of the Spongiac, 

In the Pennatulidac and Alcyonidas (Sar- 
cophyton) some, and at times many, per- 
sons in a colony are less well-developed, and 
seem to have lost the function of ingesting 
food. It is not known whether they have 
any share in the taking in of water. 

§ 92. 

In the Ctenophora, the nutrient cavitary 46. The ^strovascu 
system difEers in details only. A stomach, L?teS view ; VJ’^mouth 
which is very wide in the Beroidas, and nar- turned upwards. B Seen 
rower in the rest, is sunk in the body along oral pole, 

its longitudinal axis ; it passes into a space 

which is known as the ^^funnel,^^ by means of a narrow canal, which 
can be closed by muscles. Radial canals (Pig. 46) pass out from the 

“ * ■' il A4'/%<irirvr\T%/M«Aa nnViO TfidlAl 
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canals in tlie Beroldss and Callianirides pass into a circular canal at 
tlie oral pole. In the latter, two canals, which run along the sides of 
the wall of the stomach, and which come from the funnel, also enter 
the circular canal. In the Cydippidas, these are very wide, and 
appear to form a common space around the stomach. Finally, two 
shorter canals, which do not pass directly from the funnel, but 
from the canals derived from it, run outwards and open by pores, 
which can be closed, at the sides of the polar areas (cf. p. 111). 
They are placed diagonally, and provide the gastrovascular system 
with a second means of communication with the surrounding 
water. 

The form of the body leads to various modifications in the 
arrangement of this system of canals. The various groups of canals 
may be branched. Thus, in the Beroidae the radial canals form 
lateral branched diverticula, which are present, though they are 
not so large, in the other forms, and are in connection with the 
generative apparatus. 


§ ^ 3 . 

In some divisions of the Acalephae there arc filamentous structures, 
which project into the central cavity of the gastrovascular system ; 
they are called Gastric filaments (and, though less appropriately, 
mesenteric filaments) . They are found for example in the Lucernaridse 
and Discophora. In the latter they form tufts of filaments, placed in 
diverticula of this cavity, and execute vermiform movements. They 
have similar characters in the LucemaridsB, but are different in the 
Anthozoa. In the Anthozoa pad-like processes, richly provided with 
stinging cells, run along the free edge of each septum, turned towards 
the gastric cavity ; they seldom become filamentous, and are some- 
times limited to two of the septa (Tubipora). Nothing is known 
as to the function of these organs, which are differentiated very 
early. 

Although glandular organs do not seem to be differentiated in 
the digestive cavity of the Coelenterata, yet there is an arrangement 
which should be noted here ; it may be regarded as an indication of 
a secreting system, perhaps analogous to the liver of higher animals. 
It is this, namely, that the epithelial investment of the stomach, 
which is present in many Coelenterata, is distinguished by its peculiar 
colour. The pigmented cells are set longitudinally, and are generally 
placed on the projecting folds of the wall of the stomach in the 
Anthozoa; they are also developed in the Hydromedusae, even in 
the polyp forms (e.g. Tubulariae) ; in the Siphonophora they form 
distinct pad-like longitudinal rows at the base of the digestive 
cavity of the nutrient individuals. A network of hepatic canals,^^ 
attached to the single large stomach of the Velellidae, appears to 
be specially differentiated ; it is found on the under surface of the 
disc. 
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Sexual Organs. 

§ 94. 

Sexual differentiation is not the sole factor in reproduction 
among the Coelenterata, for various forms of asexual multiplication 
(cf. supra, §§ 73-77) obtain among them. Sexual products have 
been observed in most of them, but they are not formed in organs 
sot apart ; the function seems rather to be one which is being 
gradually localised. In the Spongiae the endoderm is said to be the 
place where these products are formed, but in those Porifera which' 
have a mesoderm, the differentiation appears to take place in it. ; 
The history of the ova is best known ; they arise from cells in the 
mesoderm, but they are perhaps endodermal cells which have passed 
into it. In addition to what has been directly observed in this 
group we must boar in mind the characters which obtain in the 
Hydroid-Polyps (see below). The male elements have been less 
widely observed. The endoderm has been said to be the place where 
the seminal cells are formed, but masses of sperm have been observed 
in the mesoderm of Halisarca, together with a sexual differentiation 
of the stocks. 


§ 95. 

The place where the generative matters are formed — as a rule in 
the walls of the digestive cavity, or the spaces leading from it — is 
most exactly known in the 
Hydroida among the Acale- 
phae. The material of the 
two kinds of generative pro- 
ducts is, however, provided 
by different layers of the 
body : this fact deserves to be 
^exactly described on account 
|of its fundamental import- 
ance. The first, or indifferent 
stage, is represented by di- 
verticula of the wall of the 
body, which have the form 
of buds, surrounding a pro- 
longation of the gastric cavity, 
and formed by the ectoderm 
and endoderm. A number of 
the cells of the ectoderm (a) 

of the growing bud (Fig. 47, A B) enlarge and become distinguished 
by their size from the other endodermal cells, which bound the 
gastric cavity {g). These enlarged cells are pushed out towards the 



Fig. 47. Two female generative buds of Hy- 
dractinia echinata. a Ectoderm, h Endo- 
derm. g Gastric cavity, o Ovarian germs. 
In A the ectoderm has begun to bo pushed into 
the endoderm. In B the invaginated portion 
has been constricted off from the rest of the 
ectoderm (after Ed. van Beneden). 
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ectoderm^ and are the ova (o). They gradually form a layer of colls 
placed apparently between the ectoderm and endoderm, and give to 
the whole bud the appearance of an ovary. While these processes 
of differentiation are going on in the endoderm, a growth of cells 
from the ectoderm at the tip of the bud is extending inwards {A) ; 
as these cells become separated off from the ectoderm {B), they form 
a thin lamella, which grows around the ovarian layer, but which has 
no further function except in another kind of bud. 

In the male bud, in fact, the ectoderm has the same characters, 
but the endoderm does not undergo any change, and simply forms a 
layer of cells, investing the gastric cavity without being differen- 
tiated into ova. The depressed portion of the ectoderm being 
developed to a great size, forms by constriction a layer between the 
ectoderm and endoderm (Fig. 48, A B C), the cells of which give 
rise, later on, to the morphological elements of the sperm. In this 



way the male products of generation arise from the ectoderm, just as 
the female products are formed from the endoderm. The fact that 
even in the female buds the ectoderm is depressed, leads us to sup- 
pose that the buds were primitively hermaphrodite. It is not yet 
' mown how far the generative products have separate origins in 
the rest of the Acaleph®. The possibility of cellular elements having 
passed from one layer to another at a very early period of develop- 
ment may account for the fact that the endoderm appears to be 
the layer m which the products of both sexes are formed. Hydra 
appe^ to form an exception, for in it the generative products 
are formed m external bud-like organs, which are differentiations 
™ .ectoderm. Among the Hydromedusm we not unfrequently 
Sft i \ sepwation of the sexes, not only into different persons, 
^ different colonies ; in the Siphonophora hermaphrodite 

S “e exceptions to this! 

ihe generative products give rise to more or less considerable swell- 
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ings in the parts of the body where they are formed, but as they are 
only present when the generative matters are being formed, they 
may be regarded as temporary organs/^ 

There are great peculiarities in the structural relations of the 
parts which enclose the generative products, but they are connected 
by a large number of intermediate stages. In those Hydroid 
colonies that give rise to free Medusae (cf. § 74), the Medusae carry 
the generative organs ; the Medusae form the generative animals of 
their proper Hydroid- Polyps, and elaborate the semen or ova in the 
walls of their stomach, or in the radial canals, or, lastly, sometimes in 
the circular canal. In some this production does not take place until 
a long time after they have broken away from the Hydroid colony ; 
in others it happens earlier. The latter bring us to those in which 
the reproductive matters are formed while the Medusas are still 
attached to the Hydroid stock. Next, then, comes that stage in 
which the Medusa is not only not broken off, but is not completely 
developed. All the organs which are of use in the full and indepen- 
dent mode of life — mouth, gastric cavity, tentacles, swimming-bell, 
&c. — appear in a state of atrophy. We have in fact medusoid 
buds, in which the sexual products arise. In others the medusoid 
form is completely lost, and quite simple structures appear on 
the Hydroid stock in the form of generative capsules, into which, at 
the most, a process of the gastrovascular system still projects. Such 
are the structures described above in Hydractinia. These generative 
buds arise, like the medusoid buds, and the Medusae themselves, 
sometimes on the common stock, sometimes on the body of the 
Polyps, and often only at certain parts of the latter, as, for example, 
between the outer and inner circlet of tentacles in the Tubularia. 
Where the proliferating Polyps are provided vdth a sheath, the 
generative buds are always enclosed by the same test as the Polyps 
themselves. Thus the phasnomenon of the budding of Medusas can 
be followed back to a stage in which the bud has the appearance 
of a mere generative organ of the hydroid stock. 

The Siphonophora resemble the Hydroid-Polyps. The formation 
in them of sexual animals of the Medusa-type, with the simul- 
taneous formation of other medusiform persons, helps to explain 
the phaBnomcnon known in the Hydroid-Polyps as alternation of 
generation, as being a division of labour. In some of the Siphono- 
phora the generative animals become free Medusae, in the walls of 
whose stomachs the generative products are formed (Velella, Chry- 
somitra). Most of them have only medusiform buds, which are 
found in very various stages of degeneration (cf. Fig. 33, B g E). 
The stomach of the Medusa becomes gradually represented by the 
generative organs only, and the Medusa-bell degenerates into a 
mere covering for them. Thus they occur arranged either singly 
(DiphyidaB), or grouped into racemose tufts (Physophoridae), which 
are placed on the stem of the stock, or, it may be, on definite 
persons belonging to it. 

Ed. van Beneden. De la distinction origineUe du testioule et de Tovaire. Bull. 
Acad. Belg. 2*"* S6r. T. xxxvii. 6. — G. Koch, Morph. Jahrb. Bd. ii. p. 83. 
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§ 96. 

In those Medusas which have no longer any relation to Hydroids, 
the generative matters are formed in the wall of the gastro- 
vascular system, just as in the Medusae of the Hydroid-Polyps, 
and the Siphonophora. These matters are generally formed in the 
radial canals (^quoridro), or in the pouch-like diverticula of the 
stomach (iEginidae). When the canals are narrow the genitals form 

freely projecting diverti- 
cula, which, when muchde- 
veloped,mayhave the form 
of rufE-like folds. The 
radial canals form lamellar 
enlargements intheGeryo- 
nidae, when the generative 
matters are developed. In 
all forms the lower wall 
of the canal, or that placed 
away from the umbrella, 
forms the genital region 
(Fig. 36, g). The germinal 
matters in some cases reach 
the exterior through the 
stomach, and in other cases 
by a rupture of the tissue. 

In the Discophora the 
generative organs have 
always much the same re- 
lations, and differ but little 
in position and form. They 
consist of four or eight 
frills, curved in a semi- 
lunar form, and arranged 
in a rosette on the inner 
surface of the umbrella 
, . . (cf. supra. Fig. 44, ov) j 

the frills are formed by diverticula of the gastrovascular system. 
They are placed in depressions on the lower surface of the disc,' 
or hang freely down from it, often in numerous folds. ‘ 

The Lucemariae have the generative organs in the form of eight 
radially-arranged longitudinal ridges, placed on that part of the 
body which corre^onds to the sub-umbrella of the Medusae, where 
they form projections into the pouches of the gastrovascular system. 
They represent, therefore, an intermediate form between the Hydro- 
medusae and Discophora. 



Fig. 49. Diagram of a radial vertical section 
through a sexually mature Geryonid (Oarmarina 
hastata); on the right it is taken through the 
whole length of a radial canal, and on the left 
through the lateral wings of a genital lamella, at 
an interradiaJ plane, h Marginal vesicles, c Cir- 
cular vessel, g Generative products, h Clasp of 
the mantle. Ic Stomach. I Gelatinous umbrella. 
p Stomachal stalk, r Radial canal, s I Its inner ; 
r 8 Its outer wall, u 1c Cartilaginous ring, v Ve- 
lum. Z Tongue-like process (after E. Hackcl). 



The sexes are usually separated, and in different persons, but 
there may be hermaphrodites also (Cerianthus). In the colonial 
forms both dioecious and monoecious conditions have been observed ; 
in others these characters vary very greatly (Corallium rubrum). 
When the persons of a colony are dimorphic, those which are the 
more developed are at the same time those which are functionally 
sexual, while the others are sterile. But in some Pennatulidae the 


persons without tentacles are 
the only ones in which there 
are generative organs (Virgu- 
laria mirabilis). 

§ 98 . 

In the Ctenophora the 
peripheral portion of the gas- 
tric system represents the 
genital region, Caecal diver- 
ticula are developed from the 
sides of the canals which run 



parallel with the rows of nata- 
tory lamellaB ; in these semen 
or ova are formed. One side 
of a canal is beset with 
ovarian follicles, and the other 


Fig. 60. Generative organs of Beroe rnfes- 
cens ; showing their relation to a tract of the 
radial canal, a Stripes running along the 
canal (Muscles P) h Semen-producing side. 
c Ovarian side, with eggs (after Will). 


with testicular lobules. Hermaphroditism repeats itself therefore 
in each of the radial segments of the body. The gastric system 
serves to carry the generative products to the exterior. This 
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arrangement therefore is exactly the same as in some of the 
Anthozoa, and if we compare the body-substance between two 
radial canals with a septum of the Anthozoa, we find that the 
genital regions of both sexes are arranged in just the same way f« 
in the hermaphrodite Anthozoa. 

As a rule the ova of the Ccelenterata have no special coverings, 
and in many Spongim and Hydroida (e.g. Hydra) they appear to 
change in form in consequence of amoeboid movements. The 
seminal elements in the Acalephse are formed by a small head with 
a movable appendage. 



Third Section. 


Venues. 


General Review. 

§ 99 . 

In this division a largo number of animal forms, which are more 
or less allied to one another, are put together ; transverse axes are 
differentiated, whilst the longitudinal axis of the body is elabo- 
rated. In consequence of this an anterior and a posterior end can 
be made out, in addition to a dorsal and ventral surface. They 
differ markedly from the Coelenterata in having two antimeres. 
The body is, or is not, divided into metameres ; in the more simple 
forms the metameres are simple in character, in the higher divisions 
they undergo differentiation. 

It is not certain whether this division does or does not represent 
a single phylum. The existence of a large number of small groups, 
represented merely by single forms, shows a considerable amount of 
divergence within the division ; and this is still further exhibited by 
the fact that almost all the higher animal phyla can be brought into 
more or less close connection with forms of Vermes. 

I arrange the various divisions of the Vermes in the followmg 
order. They might be considerably increased by the introduction 
of a large number of isolated genera ; but a complete classification 
of such a kind is not part of our purpose here. 

I, Platyhelminthes. 

Turbellaria. 

BhabdocGBla. 

MonoceliSi Vortex, Mesostomiiin, Prostomnm. 

Dendrocoela, 

Flanaria, Leptoplana. 



126 


COMPAEATIVE ANATOMY. 


Trematoda. 

Distoma, Monostomuin, Tristoma, Polystomum, Aspidogastor, Diplo- 
zoon, Gyrodactylus. 

Cestoda.* 

Caryophyllasus, Ligula, Bothryocephalas, Ttenia, Tetrarhynchus. 

Nemertina (Rliynoliocoela). 

Polagonemertos, Nemertes, Polia, Boriasia. 

II. Nemathelmintlies. 

Nematodes. 

Biiabdltifl, Dorylaimus, Strongylus, Ascaris. 

Gordiacea. 

Gordius, Mermis. 

III. Oliaatognatlii.t 

Sagitta. 

IV. AcanthocephaH. 

Ecliiiiorhynclius. 


V. Bryozoa.f 

Phylaotolaema. 

Cristatella, Alcyonella, Lophopus, Plmnatella. 

Gymnolaema. 

Crisia, Homora, Alcyonidium, Flustra, Eschara. 

VI. Eotatoria. 

Hydatiua, Notommata, Bi’achionus, Molicerta, Flosoularia. 

VII. Bnteropneusti. 

Bidanoglossos. 

Vni. Gepliyrea.§ 

Inermes. 

Bipunculus, Fliascalosoma) Priapulus. 

OhsBtiferi. 

Ecliiarus, BonoUia. 

IX. AniLalata.]| 

* The Cestoda are derived from a form common to them and to the Trematoda. 
The diSerenoe in organisation is due to their different kind of parasitic habits. There 
are several forms of which it is doubtful whether they belong to one or the other 
division (Amphiptyches). 

t The Chsetognathi must not be regarded as allied to the Nemathelminthes because 
they are put next to thorn ; the same remark holds good for the Acanthooephali. 

t Pedicellina and Loxoaoma are genera allied to the Bryozoa, and they might well 
be united with them into one division, but they must not be subordinated to them. 

§ In both divisions of the Gtephyrea there is a large number of very divergent 
forms. 

II Tomopterisy Myzostomay and Polygordiua are special forms,- allied to, but very 
divergent from, the Annulata. The last mentioned unites the characters of the 
Nemertina and Nematodes with those of the Annelides. 
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Hirudinea.* 

Heemopis, Sanguisoga, Nephelis, ClepBine. 

Annelides. 

. Oligooli80ta. 

Scoleina. 

Lumbricust Oheetogaster, Nais. 

HaliBcolecina. 

Polyoplitbalmiis, Capitella. 

Chastopoda. 

Vagantia. 

Siphonostoma, Arenioola, Glycera, Nephthys, Phyllodoce, Alciopa, 
Syllis, NereiSj Eunice, Amphinome, Aphrodite, Folynoe. 

Tubicol 80 . 

Aiuphitrito, Hermella, Terebella, Sabells, Serpula, Branchiomma. 

The position of the genera Neomenia and Chastoderma is 
not yet settled ; but they must not be passed over, on account of the 
great importance of many points which have been made out in their 
organisation. Although they differ in not unimportant points from 
one another they are closely allied, and may be reckoned with the 
other divisions of the Vermes. I therefore unite them into a division, 
which I call that of the Solenogastres. It will not be possible 
to form any safe opinion as to their position till they are known 
more exactly ; and for this knowledge, especially as regards their 
development, we must wait. 
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Form of the Body. 

§ 100 . 

The radiate form of body, which obtains in most Ccelenterata, is 
never developed in the Vermes. It is replaced by the eudipleural 
orm, w ich is generally known as that of bilateral symmetry 
I* Pi'edominates in all higher divisions of the 
“.^“Sdom. Although in some stages, as for example in the 
scolex-form of many Cestoda, this differentiation of the secondary 
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axes is not expressed, so that similar characters to those which 
obtain in the Coelenterata can be made out, yet I do not regard this 
condition as one that has been inherited by the Cestoda, for they can 
only be derived from forms, which like the rest of the Platyhelminthes, 
possessed the original eudipleural form. Their condition, which 
depends on the equal development of the secondary axes, is at once 
explained by their loss of the power of locomotion, and by the 
attachment of the body by a point, which corresponds to one pole 
of the primary axis. 

A head, which has a mouth placed as a rule somewhere on its 
ventral surface, can generally be distinguished at the oral pole. In 
most Platyhelminthes the mouth is some distance from the head; in 
the Turbellaria, indeed, it is generally some way back on the ventral 
surface of the body. The aboral end of the body carries the anus ; 
this, when present, has ordinarily a dorsal position. 

In the fixed Vermes the form of the body undergoes considerable 
modifications. It is greatly influenced by the development of a 
covering, as in the Bryozoa. The aboral end of the body, by which 
the animal is attached, can no longer carry the anus, which is 
accordingly placed nearer to the anterior portion of the body, which 
is not enclosed by the cell. 

§ 101 . 


Another phasnomenon which is first seen among Vermes is the 
segmentation of the body. Already in the 
Rotatoria the hinder portion of the body 1. 2. 

is adapted to locomotion by being broken 
up into a number of segments. In this we 
see an indication of a condition which 
becomes very important in the higher divi- 
sions. In the Cestoda it is further de- 
veloped. A differentiation is occasioned 
by the growth of the body in the direction 
of its primary axis. The anterior and pos- 
terior parts of the body no longer enclose 
the same organs. Thus in the Caryophyl- 
Itei the hinder portion of the body alone 
contains the generative organs. In Ligula 
this hinder portion of the body is consider- 
ably developed by the great repetition of 
the generative organs. In the Tasniadae 
a very large series of these generative 
organs are developed in the hinder end of 
the body, and each corresponding area 
forms a joint, which is gradually marked 
off on the outer surface, and has the rela- 
tions of a metamere to the other joints 
(Fig. 51). In this way the Tasnia-chaiu is formed, the last meta- 
meres of which (the so-called proglottids) break off at a certain 



Fig. 61. 1. Tfienia (Tet- 

rarhynchus) j asexual form 
(nurse). 2. The same in the 
joint-forming stage (strobila), 
in which the last joints (pro- 
glottids) are breaking off, one 
byone(afterP.J.TanBeneden). 
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stage of development, and form more or less independent individuals. 
This process represents therefore a process of gemmation, the pro- 
duct of which is the Tsenia-chain ; each separate joint is a metamere 
as compared with the general . organism of the chain, but it is also 
to be regarded as a separate person, since it is capable of an indepen- 
dent existence, the slight duration of which is explained by its struc- 
ture, which is adapted to a parasitic habit. The metamerism of the 
body, seen in the Cestoda, may be derived from a process of gem- 
mation, and gemmation itself is correlated with the elongation of 
the body. It is an intermediate stage between the two phaenomena ; 
and there is, therefore, no well-defined antagonism between them. 
Where metamerism is faintly expressed, it becomes more and more 
nearly a case of simple elongation. 

In many divisions we may find examples of this incomplete 
metamerism. It is indicated in various systems of organs in tho 
Nemertina. In the Gephyrea also, metamerism is not a general 
phaenomenon, for several systems of organs are not affected by it. 
On the other hand, it obtains generally in the Annulata, and gives to 
the organism a multifid appearance. In them it is not unfrequently 
associated with a process of distinct gemmation. In the embryonic 
body there are generally fewer metameres than in the adult. The 
freshly-developed segments are formed in front of the last one. The 
elaboration of particular metameres gives rise to a large number 
of modifications. Such also result when a number of metameres 
undergo concrescence, and the primitive arrangement is only indicated 
by certain systems of organs ; this gives rise to conditions which 
it is difficult to distinguish from those in which metamerism is 
just commencing. When metameres are developed the organism 
becomes one of a higher grade of organisation, although indeed 
this is not the only path towards such a stage, for we meet with 
differentiations of other kinds which lead to higher conditions. Tho 
more definite differentiation of the ventral surface owing to the 
development of a groove, as in the Solenogastres (in Chsetoderma 
this is found in the posterior region of the body only) is an example 
of this ; it represents the first stage in the formation of that pedal 
surface of the body which is seen in the lowest Mollusca. 

§ 102 . 

There are various other modifications in certain smaller divisions, 
which are to be attributed to adaptations to changed external 
conditions of life; this is especially the case in the entoparasitic 
Platyhelminthes. The cystic form^^ must be regarded as the 
most important of these modifications; this, which is intercalated 
into the developmental history of the Cestoda, is, in its phylogenetic 
history, just as certainly due to the organism having entered into 
relations which at first were strange and abnormal to it, as is the 
general parasitism itself referable to habits, which were only 
secondary acquired. The phylogenetic history of the cystic form 
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is based on tbe notion that certain abnormal external conditions of 
life gradually became normal, in consequence of the adaptation of 
the organism to them, and that it did not arise by a simple 
antagonism to the worm^s primitive ontogenesis, which now includes 
this cystic form as a normal part of 
its cycle. What has happened is 
this — that the process of adaptation 
has seized upon and exaggerated 
normal inherited phase of the 



Young 
Taenia, with head 
pushed in. a Head. 
2) Envelope. cThe 
six embryonic 
hooks, remaining 
at one point of the 
envelope (after V. 

Siebold). 



Fig. 63. Tlie 
same Taenia, with 
head protruded. 
Letters as in Fig. 
62 (after V. Sie- 
bold). 


a 

worm^s ontogeny, and in virtue 
of the continuation of conditions 
favourable to the appearance of this 
exaggerated phase, its appearance 
has become a normal phaenomenon. 

The variations of the cystic form 
are all readily deducible from the 
first developmental stage of the 
Oestoda. The embryo is generally 
provided with three pairs of hooks, 
and a cestoid head may bo observed 

to be differentiated within it (Pig. 52, a ) ; when fully developed 
this is pushed out, so that the envelope, which at first was external, 
becomes the portion of the body below the head (Fig. 53, h). In 
the Cysticercus-form the embryo grows into a vesicle filled with 
fluid, from the walls of which the head is budded 
out. When the head is protracted, the vesicle 
forms a terminal appendage of the body (Fig. 54). 

When a number of buds are formed on the wall 
of the vesicle, in which protractile heads are dif- 
ferentiated, we have the Coenurus-form. When the 
buds break off into the interior of the vesicle, and 
there form new vesicles, on the walls of which the 
same budding process goes on, leading to the for- 
mation of systems of vesicles, placed one within the 
other, and when the youngest of these can again 
bud off tasnia-heads on its inner wall, we get the 
Echinococcus-form. 

Notwithstanding the various characters of their 
final products, these processes of gemmation may 
be derived from a common ground-form. They are 
by no means unparalleled among thePlatyhelminthes, 
for in not a few an asexual multiplication occurs, which is 
very similar to these in many points. It is very common among the 
Trematoda, where the embryo gives rise to an asexual stage known 
as the sporocyst.^^ The body-parenchyma of this sporocyst 
becomes differentiated, generally into similar structures, in which in 
their turn the larvae known as Cercariae are produced, and these 
are developed into the sexually mature form. The variation in the 
forms of the separate generations seems to be due, in a general 

K 2 



Fig. 61-. 
cercus 


Cysti- 

cellu- 


losBQ j bead pro- 
truded (nat. size) . 
a The caudal ves- 
icle, filled with 
fluid, c The an- 
terior part of the 
body, d The head 
(after V. Siebold). 
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way, to the degenerations correlated with their parasitic habit, 
and in special points to their relations to their different hosts. 
Parasitism, in fact, determines the whole phaanomenon in question, 
which is spoken of as ^^alternation of generations,^^ but by no means 
explained by that phrase. 

§ 103 . 

Gemmation is a common process among the Bryozoa also, where 
it leads to the formation of colonies. As in other Vermes and 
Coelenterata, the buds are developed from the wall of the body. 
Accordingly as the bud remains at the side of, and on the same 
level with, its mother, or grows at one end and raises itself from the 
ground, flattened or upwardly-growing ramified cormi are formed. 
At the edge of the flattened colony the youngest buds often form the 
rudiments of several individuals (persons), which are by-and-by 
separated from one another. We observe in the case of develop- 
ment by gemmation as also in development from the ovum, that the 
anterior portion of the body, which carries the crown of tentacles, 
develops inside the hinder portion of the body, which forms the 
cell round the animal. The proposal has therefore, though without 
reason, been made to regard the two portions as separate indi- 
viduals.^^ All the persons of a Bryozoan colony are not equally well 
developed. In many, the parts belonging to the cells and muscles 
only are developed; these give rise to the so-called xALvicularia, 
which function as prehensile organs for the colony. The Vibra- 
cularia, which are long spike-shaped structures, continually moving, 
are parts further modified. Lastly, some persons may serve only 
for the reception of ova, and form the so-called marsupial cap- 
sules. Thus we meet here again with a polymorphism, which is due 
to a division of the physiological work of the colony. 


Appendages. 

§ 104 . 

The appendages have the form of actively mobile processes of 
the body, which may be used for the most varied purposes, accord- 
ing to their relation to it, and their more special line of development. 
As low down as the Turbellaria processes are found on the portion 
of the body which represents the head. In many Planarians lateral 
lobate processes are developed as tentacles, or feelers; in others 
the dorsal surface of the body is distinguished by similar processes 
(Thysanozoon). 

While the parasitic mode of life of the Trematoda, Cestoda, and 
many Nemathelminthes causes structures of this kind to disappear 
from them altogether, such structures are largely developed in the 
free-living Annulata, and prove to us the great influence of the outer 
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world on the organism. They are especially developed in the Chaeto- 
poda, the cephalic region of which is provided with contractile pro- 
cesses, either at the sides or in the middle line (Fig. 55, 1 1 '). These 
processes are simple, or are further differentiated by segmentation, 
or even distinguished by the possession of secondary processes. By 
adaptation to the most varied conditions of life they are converted 
into very various structures, and serve for all kinds of functions. 

In the tubicolous Chaetopoda, where the cephalic region is that por- 
tion of the body which comes into closest relation with the surround- 
ing medium, the tentacles are converted into an important apparatus. 
They form tufts of contractile filaments on the cephalic lobes, where 


they are an’anged 
in one or more 
rows (Terebella 
[cf. infra. Fig. 79, 
Hermella) ; or 
they may be con- 
verted into strong 
plume-like struc- 
tures (branchial 
tentacles) by the 
development of an 
internal support 
(cartilage), and be 
beset with secon- 
dary branches ; 
these, in addition 
to their respira- 
tory function, may 
also aid in the 
movement of the 
whole apparatus 
when seizing food 
(Serpulaceae). In 
some, these bran- 



Fig. 55. Head of Nereis Dumerilii. aa! Tentacles. 
tt^ t// Feelers, p Parapodia. ph Pharynx. 

in Jaws, i (Esophagus, gl Glands (after Clapar^de) . 


chial tentacles are 


arranged in two groups, and resemble an open fan. In Siphonos- 
toma they form short simple filaments, with two longer delicate 
feelers. In others the base of the two halves of the tuft, which are 


separated on the dorsal line, is drawn out into a spirally-coiled 
ridge, on which the separate filaments are arranged (Sabellidss). 
When optic organs are formed on the separate filaments of the 
branchial tufts, the tentacles acquire new and important relations 


(Branchiomma). 

Some of the branchial filaments undergo other kinds of changes. 
In some Sabellidm one or two of the primitively similar branchial 
tentacles (Protula) lose their respiratory function ; in others they are 
converted into club-shaped organs, one of which is largely developed, 
and serves as an operculum to close the tube in which the animal 
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lives. In FHigrana tlie stalk of the operculum retains some of its 
primitive characters hj being feathered. But this feathered arrange- 
ment may be lost (Serpula), and then the operculum, during its 
development, jesses through stages which are permanent in other 
forms. A c^cified layer is often secreted in this apparatus, which 
owes its origin to adaptation ; it covers the free flattened end like a 
disc. In some cases the widened opercular stalk takes up the ova, 
and functions as a brooding pouch (Spirorbis spirillum). Thus we 
find one and the same organ passing through a series of the most 
varied relations, far removed from its original significance, and 
caused by certain external relations. In addition to the feelers 
there are special tentacles in the Cheetopoda, which are shorter, 
but contractile (Fig. 55, a). 

The tentacles of the Bryozoa are structures of this kind ; they 
have the form of filamentous ciliated and contractile processes of a 
discoid or lobate extension of the oral end of the integument (lopho- 
phore). The discoid form of lophophore, in which the mouth is 
placed in the centre, is the most common. In the other case, the 
lophophore is drawn out into two processes, so as to have a horse- 
shoe shape (Fig. 60, B br). 

In Pedicellina and Loxosoma, the tentacles, which beset the edge 
of a discoid surface, which carries both mouth and anus, are simpler 
in character ; they are not hollow internally, like* the tentacles of the 
other Bryozoa. 

§ 105. 

Another group of appendages is represented by the locomotor 
processes developed in Chastopoda, which are lateral processes of 
the metameres of the body, the foot-stumps or parapodia (Figs. 
55, 56, p). They are always arranged in pairs, of which there may be 
one or two on each segment. ^Yhen there are two, one pair occupies 
the dorsal, and the other the ventral portion of the side of the body. 
They carry setaa, and often also filamentous appendages (cirri), which 
vary greatly in form, and may be larger than the parapodia, or may 
even take the place of these appendages, when the latter are atrophied. 
The dorsal and ventral appendages of either side are sometimes 
closely approximated; there are all kinds of intermediate steps 
between this stage, and that in which they are completely fused 
(Syllidse). Such a fused appendage occupies the side of the body, and 
carries the secondary appendages (seta 0 and cirri), which, in others, 
are distributed to the dorsal and ventral parapodia. The cirri 
appear to be atrophied in the Tubicolae, whore they cannot have any 
physiological si^ificance, owing to the body occupying a tube, 
which has sometimes the form of a shell. 

The parapodia are developed in very various degrees, and are com- 
plicated by their relation to groups of setm. A metamorphosis is 
effected by a widening of the ends of the separate, or of fused 
parapodia, or rather of their cirri, to form swimming-plates (Phyllo- 
docidsB). The elytra are special appendages of the parapodia 
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formed by the metamorpHosis of tbeir dorsal cirri ; they are scale- 
like lamellae, which lie on one another on the dorsal sur&ce, and 
alternate with short processes (Aphroditidae). Although the 
parapodia of the Annelida, which function as locomotor organs, 
appear to be the rudiments of the appendages, which are more per- 
fectly developed in the Arthropoda, they are not independent, for 
they have no special muscular apparatus of their own, like the 
appendages of the Arthropoda, and they are principally set in action 
by the general movement of the metameres to which they belong. 


External Branchiae. 

§ 106. 

The appendages on the head, as well as those on the metameres, 
of the Chsetopoda undergo various changes in adaptation to the 
respiratory function. Although in most Vermes this is per- 
formed by the general surface of the body, in the Ohaetopoda it is 
confined to definite parts, which are thereby converted into 
branchiae, as may be seen from their relation to the vascular system, 
and from other points in their structure. 

The cephalic tentacles are the first to enter into these 
respiratory relations (§ 104). In some (Pectinaria, Terebella) these 
structures contain a perienteric fluid, and are not distinctly 
branchiae. They are more definitely branchial in the Pheruseidae 
(Siphonostoma). In the Sabellidao they are still further differen- 
tiated in the manner described above, and the separate gill-filaments 
are beset with secondary pinnules, by which their surface is further 
increased in size. 

Just as gills are formed by the special development of the 
cephalic tentacles, so, too, gills are formed from the appendages 
of the separate segments of the body, by the modifica- 
tions of the cirri which are attached to the parapodia, or by the 
formation of special appendages. When simplest the cirri are not 
altered in character, but enclose a continuation of the coelom, so 
that the perienteric fluid can enter into them. The presence of 
cilia on the cirri is also of importance for their respiratory 
functions. The exchange of gases is promoted by the walls of the 
cirri becoming considerably thinner at certain points. As a rule 
•it is the dorsal appendages which are developed in this way. The 
so-called elytra of the Aphroditidae also belong to this series of 
processes. They communicate freely with the coelom. Cirri become 
more definitely related to the respiratory function by the continuation 
of the blood- vascular system into them. They then form branchiae. 
These either retain the condition of simple processes — ^sometimes they 
are lamellar in form — or are variously branched. In Oirratulus 
they are greatly elongated single filaments. The branched form 
includes the more delicate branchias, which are either comb-like 
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(Eunicidae, Fig. 56, A B), or are arborescent (Fig. 82, hr) (e. g. in 
the Amphinomeae). As a dorsal cirrus is frequently present in ad- 
dition to these branchiae, they appear to be independent organs; 



Fig. 66. Diagrams of vertical sections of Annulata, showing the appendages. A Sec- 
tion of Eunice. B of Myrianida. p Nemopodimn. Notopodinm. hr Branchiae. 

hr' Cirri. 


this is the more probable since they frequently are separated from 
the parapodia, and arise directly from the dorsal surface. 

They are distributed in varying number over the body. They are 
sometimes found on all the segments of it, but they are gene- 
rally less abundant at the tail (Eunice sanguinea, Amphinome). 
Sometimes they are limited to a number of segments and become 
gradually rudimentary (Arenicola, Hermella). In the tubicolous 
forms, the mode of life leads to the development of the anterior, 
and the disappearance of the posterior gills. On the three anterior 
segments of the Terebellidas there are branched branchial tufts 
(Fig. 79, br), in Pectinaria two comb-like branchias, and in 
Branchiosabella and Sabellides simple filiform appendages at the 
same point. 

In other divisions, also, of the Vermes the respiratory function is 
assigned to processes of the body. This is true of the tentacles 
of the Bryozoa. In the Gephyrea there are special developments as 
respiratory processes; in Sternaspis the hinder end of the body 
carries vascular appendages. Finally, even in the Hirudinea there 
are lamellar extensions of the integument arranged metamerically 
(Branchellion). 


Integument. 

§ 107. 

The integument of the Vermes, which is separated off from the 
ectoderm, is closely united to the muscular system, by which it is 
continued into the parenchyma of the body when a coelom is wanting. 
This obtains in most of the Platyhelminths (Plat- worms) and Hiru- 
dinea. Where the coelom is present, the integument, with the 
muscles, forms a dermo-muscular tube, as in the Acanthocephali, 
Gephyrea, and most Annulata. 

If we separate the dermo-muscular tube into its two constituent 
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parts, we find the muscular portion to be, as a rule, the larger ; and 
the layer which corresponds to the true integument to be propor- 
tionately feebly developed. 

The proper integument is formed, as a rule, of a layer of cells, the 
elements of which are often so slightly separated that they form a 
syncytium. This layer corresponds to an epidermis. In the 
Turbellaria it is everywhere provided with cilia. In many the 
cilia are placed on an apparently homogeneous layer, which resembles 
a cuticle. But the cilia must be regarded as processes of the cells. 
Even in those forms. Such as the Cestoda, in which there are no 
cilia in the adult, there is an investment of cilia during the embryonic 
stages. The embryos of the Trematoda also have it. In many 
Annelids there are ciliated spots at various parts of the body, or 
large tracts may be clothed with cilia. 

The part that this investment of cilia plays in locomotion is best 
seen in the smallest forms. In the young state it is generally the sole 
organ of locomotion. By the growth of processes of the body the 
cilia-bearing surface is increased, and so the cilia become of greater 
importance in locomotion. This is their character in the larvae of 
the Gephyrea and of most Annelids. The cilia are arranged on 
ridge-like processes, which surround certain tracts of the surface of 
the body, as lines or circlets of cilia; the arrangement of these 
is generally characteristic of the various divisions. One or more 
circlets of cilia surround the body ; and by these the larvae of the 
Chaetopoda are divided into mesotrochal, telotrochal, and poly- 
trochal forms. Even if the surface of the body bears other cilia also, 
those of the circlets are more powerfully developed, and their 
action essentially aids in more rapid locomotion. Of these circlets of 
cilia (Fig. 57, 0 D i?) one is more remarkable than the rest, it appears 



Fig. 57. Arrangement of the ciliated bands in the larvae of the Eohinoderma, 
A Bf and of the Yermes, 0 D. v Anterior ; lo Posterior circlet of cilia. 
0 Mouth, t Enteric canal, a Anns. 


in the very earliest stage, and divides the body into an anterior and 
a posterior portion. The former represents the upper part of the 
future head of the worm, while from the other portion the whole of 
the rest of the body is developed. The primitive circlet of cilia 
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persists in one division of tlie VermeSj the Rotatoria. While the 
posterior portion is differentiated into a more or less jointed body, 
the anterior part, which carries long cilia on a discoid thickening, is 
developed into a special organ, which is characteristic of this division. 
This wheel-organ — so-called from the movement of its cilia — ^varies 
greatly in character. It may be either permanently simple, and 
retain its primitive state, or it may be broadened out into lobate 
processes (Tubicolaria), or form tentacular prolongations (Stephano- 
ceros), which frequently have a locomotor function in the larval 
stages only, and in the later fixed mode of life are used to bring food 
to the animal by means of the currents produced by the action of 
the cilia. In the Bryozoa, also, a circlet of cilia precedes the 
development of the tentacles, which are budded out internally to it. 
Owing to the position of the mouth, this circlet of tentacles does not 
resemble the more common form ; but it nevertheless has close 
relations with the arrangements in some divisions, e.g. the Gephyrea, 
the larv 80 of which have a circlet of cilia surrounding the oral 
region . Further, in Polygordius, which except in this point resembles 
the Nematodes, there is a circlet of cilia; so that we recognise in 
this circlet of cilia an arrangement which may have been transmitted 

from an ancestral form 
common to many divisions 
of the Vermes. 

§ 108. 

When cilia are absent the 
epidermic layer is covered 
by a cuticle, which varies 
greatly in character, and is 
a product of the secretion 
of the epidermic cells. This 
cuticle is a thin or even a 
soft layer in the Trematoda 
and Cestoda among the Pla- 
tyhelminthes. It has the 
same character in the An- 
nelida, but in them it may 

Fig. 68. Vertical section through the integn- Very greatiy ^ developed 

ment of an Annelid (Spheerodornm). c Thick (Fig. 58, ' t. • . 

cnticnlar layer with wide pore-canals, w Mus- RAnt in 

4.v,« , 

p, while the dorsal one, d, is represented by a pore-Canals may be seen in 
swelling, which contains glandular tubes. it. In the class of the Nemat- 

helminthes it is very greatly 
developed, and is thicker than the subjacent matrix. Very often 
several layers, differing from one another, can be made out in it ; 
they are formed of a substance which appears to be closely allied to 
chitin. When separate portions of the cuticular investment are very 
firm, a kind of dermal skeleton is formed in the Annulata, which is 


f c). It is also pre- 
the Acanthocephali. 
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morpliologioally the same as the chitinous carapace of the Arthro- 
poda, although it is not so hard. 

The dermal carapace of the Rotatoria resembles completely the 
chitinous skeleton of the Arthropoda. Although it may not become 
as strong, yet the rigidity of the most anterior segment, as well as of 
the succeeding ones, winch are connected together by softer inter- 
mediate pieces, gives to it the character of a true skeleton, which 
serves for the origin of muscles. 

The cells of the Bryozoa are also cuticular structures ; they are 
sometimes gelatinous (Lophopus crystallinus), soft and flexible ; 
sometimes, owing to calcareous deposits, they are much harder. 
The latter kind are found in most of the Gymnolacmata. They differ 
from the tubes of many Rotatoria, and of tubicolous Annelids, by 
their close connection with the body; whereas in Rotatoria and 
Annelids the tubes are formed by a secretion which is detached from 
the surface of the body. But the fact that in many Rotatoria the 
body- wall loses its connection with the hinder portion of the tube, 
shows that there is no well-defined boundary between these struc- 
tures. We see, in fact, that there are intermediate steps between 
typical cuticular structures and other secretions, which are ordinarily, 
though wrongly, grouped in contrast with them. 

The firm cell of the Bryozoon is not developed over the whole 
body. It only surrounds the hinder portion, and is continued into a 
more delicate chitinous layer, which invests the anterior tentacle- 
bearing portion, but is frequently wanting. This difference in the 
differentiation of the integument leads to a difference in the power of 
movement of these two regions of the body, and allows the anterior 
portion to be retracted, and to hide itself and its crown of tentacles 
in the hinder or cell-bearing portion. There are various differentia- 
tions of the cell, which, more or less, bring this relation of the parts 
to a state of perfection, 

§ 109 . 

Those special structures, the aciculi, setse, hooks, and so on, 
which often play an important part in the economy of the animal, 
must be regarded as differentiations of the integument, of the class 
of cuticular formations. The structures in question are most extra- 
ordinarily varied in character, and may be ivided into two groups, 
according to their relations to the surface of the body. In the first 
group they have the character of simple elevations of the integument, 
A thicker cuticular layer is formed on papilliform processes, which 
may take the form of a wart, or when elongated, of a hair or seta. 
Even when it is very firm, it is still only apparently an indepen- 
dent structure, for it is nothing more than a modification of the 
cuticle, into which it passes at its base. The firm papillae and 
aciculi which are found in the skin of many Trematoda, and some- 
times variously extended over the anterior region of the body, are 
organs of this kind. So too are the fine and closely approximated 
aciculi, which cover the body of the Solenogastres as far as the 
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Fig. 69. Head of 
Tsania coenurus 
(vesiole-form : Ccenu- 
rus cerebralis seen 
from in front). The 
four suckers and the 
crown of hooks in 
the midst of them 
can be seen. 



Fig. 60. ahcde Dif- 
ferent hooks from the 
crown of hooks of the 
same form. Eepre- 
senting stages of de- 
velopment (after V. 

Siebold). 


ventral groove ; the aciculi of the Echinorhynchi, and lastly, the 
hooks of the Oestoda, which are in many arranged in a crown 
(Figs. 59, 60), or placed in the wall of four protractile tubes 

(Tetrarhynchus). These be- 
gin as thickenings of the 
cuticle, but they form an in- 
termediate step towards the 
second group, for as they be- 
come chitinised they sink 
down into the matrix, and 
still deeper. 

In the second group the 
setae or aciculi no longer arise 
on the surface, but in special 
depressions, which may be 
very well compared with 
glands. The secretion is formed from one or more cells, and gets 
a definite form as it becomes gradually chitinised; varying in 
different regions of the body. As a rule setae are first formed 
when metameres are. These structures vary greatly in size and 
form, and are very different in the various genera and species. 
With the exception of the Hirudinea they are found in all the 
Annulata. They are almost always arranged in tufts (cf. Fig. 58, s), 
two or four of which are connected with the parapodia of each 
metamere. They function partly, as locomotor organs, working 
like oars in the swimming forms (Vagantes) ; when they are meta- 
morphosed into hooks they may serve as seizing or clenching 
organs (Tubicolse). They are best developed in the Aphroditidae, 
where some of the finer setae form a felted layer, which covers the 
back and elytra. 

The rod-like bodies in the integument of the Turbellaria are 
special structures, as are the similar structures in the Annelides ; in 
many cases they call to mind the ^'urticating capsules of the 
Acalephae.^^ 

§ 110 . 


An organ, the function of which is still somewhat uncertain, 
belongs to the category of differentiations of the integument ; 
this is the so-called proboscis of the Nemertina. It forms a 
tube, which is enclosed in a special sheath, placed above the enteron, 
and is often coiled ; this tube opens in the anterior part of the body 
above the mouth, whence it can be protruded by eversion. Several 
divisions can be made out in this tube, one of which has stylets 
at its base — generally a larger stylet in the middle, and at 
each side several smaller ones in special pouches, which are 
sometimes regarded as reserve stylets, and sometimes as structures 
of a supernumerary character. The portion of the tube behind the 
stylets is glandular in character, and is provided with an excretory 
duct, which is placed close to the stylet. A muscle which arises 
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from the body- wall is attached to the blind end of the tube; 
it is to be regarded as a retractor. In many Nemertina (Linens, 
Nemertes, etc.) the stylets are absent. 

In some the tube is small (Polia involnta), and so far resembles 
the structures in other Platyhelminthes, which may perhaps be 
regarded as the first stage towards the highly differentiated pro- 
boscis of the Nemertina. Such are the stylets present at the 
anterior end of the body of the Oerearise, which serve for boring, and 
are placed either on the surface, or at the bottom of a deep folli- 
cular depression. Lateral stylets having the same relation to the 
median one as in the proboscis of the Nemertina are often observed; 
so that we may conclude that primitively there was the same 
organisation in this respect in a large division of the Platyhelminthes. 
Even in certain Nemathelminthes we find similar arrangements, so 
that we have here to do with a wide distribution of similar characters. 
In some this arrangement is only found in the young stages, and 
disappears in the adult organism (Trematoda) ; in others it not only 
persists, but is connected with important differentiations (Nemertina). 

§ 111 . 

The integument of the Vermes attains to a higher position 
through the differentiation of glands as special organs of secretion. 
Organs of this kind have been recognised in nearly all the divisions 
of the Vermes, and are very common among the Annulata. In most 
cases they appear to be unicellular, and sometimes lie immediately 
beneath the integument, and sometimes, when a distinct coelom is 
wanting, in the deeper parts of the body. 

Among the Platyhelminthes, unicellular dermal glands are known 
in the Trematoda, They are generally placed in groups in the 
anterior part of the body, and in the hinder part also, where they are 
connected with the suckers. The glands are greatly developed in 
the Hirudinea, and especially in the Blood-leeches, where they are 
scattered in the parenchyma of the body, and open on to the skin by 
long ducts. They appear to be developed in relation to the gene- 
rative function. Unicellular glands are also present in the integu- 
ment of the Scoleina, where they are placed between the cells of the 
matrix. In many cases the glands take up a deeper position, and 
their ducts, only, pass between the epidermic cells. 

In the Gephyrea tubular glands also are connected with the 
integument, and tubes are also found in the Annelides (Fig. 58, cZ). A 
glandular layer is developed on one portion of the body of the 
Lumbricidm, as a clitellus; but this organ does not appear to be so 
simple in structure, for the tubes are invested by a special epithelium, 
and are sometimes lobate in form. Glandular tubes, containing 
masses of rod-shaped bodies, are very common among the Chsetopoda 
(Spio, Aricia), In the Nemertina there are also glands which secrete 
a viscous fluid. In many cases the secretion of the dermal glands is 
used to form an investment for the ova. 
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Skeleton. 

§ 112 . 

When somewhat firmer than usual the integument in many divi- 
sions of the Vermes plays an important part as an organ of support; 
these relations have been already referred to. Organs which possess 
this function, without any subsidiary relations, are more worthy of 
consideration. Supporting organs of this kind are seen in the 
cartilaginous pieces in the cephalic segment of a number of tubi- 
colous Annelides ; from these pieces processes pass out and ramify, 
as fine bands, in the feather-like plates. This is to be regarded 
as the formation of an internal skeleton, but it presents analogies 
only to other similar arrangements. 

This also holds for the branchial skeleton of the Enteropneusti, 
which is made up of a lattice-work of homogeneous rods (cuticular 
structures). Its arrangement and development call to mind the 
branchial skeleton of the lowest Vertebrata (Amphioxus), but it 
cannot be said to have any very close relations to it. 


Muscular System. 

§ 113 . 

The muscular system of the Vermes is connected with the integu- 
ment, and forms in most of them the largest part of the covering of 
the internal organs. In some it is only slightly developed. The 
general arrangement of the fibres follows one of several types, which 
may be thus characterised : 

1) Circular, longitudinal, and radial fibres form a connected mass 
of muscle, in which the two former are separated into layers, and are 
traversed by the radial fibres. The circular fibres form an outer and 
an inner layer, between which the longitudinal fibres are placed. 
The radial fibres run from the interior of the body to the surface. 
At the lateral edges of the body they pass directly from the dorsal 
to the ventral surface. This arrangement of the muscles is found in 
the Platyhelminthes and Hirudinea, In addition to these muscles 
there are fibres which run obliquely ; but they are not present in the 
Nemathelminthes nor in the Turbellaria rhabdocoela. 

2) The lonritudinal fibrous layer is alone present. This is the 
case in the iTematodes, Chaetognathi, and in Polygordius. The 
longitudinal muscles are distributed in various ways. The muscular 
fibres either pass directly below the epidermal layer (matrix of the 
cuticle) in the form of flat bands, the broad sides of which are 
approximated, or they have their edges approximated, and their 
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surfaces therefore directed inwards and outwards. In either case 
the muscles are grouped in particular ways. They are separated 
into two lateral masses by a dorsal and median line, formed by 
other tissues ; and these masses consist of fibres lying directly on 
one another (Gordius, Trichocephalus). , In the majority of 
Nemathelminthos there is a further differentiation, due to the inter- 
position of other organs at each side of the dermo-muscular tube, 
taiis lateral line (Fig. 61, .4 r) is, in very many Nematodes, 



Fig. 61. Transverse section of Ascaris Inmbricoides, A, and of Hirndo, B 
c Cuticular layer, m Muscular layer, r Lateral line with the excretory organ. 
jP jP Upper and lower median line, p ‘ Oblique fibres, v Enteron. d Dorsal. I Lateral 
vascular trunk, s Vesicle of the excretory organ, n Ventral nerve-chord. 


enlarged into a lateral tract, which is more or less developed; it 
is present in the Chaetognathi also* 

3) The muscular system of the body consists of a layer of 
external circular, and internal longitudinal fibres. Neither are 
separated into distinct tracts in the Gephyrea, and Acanthocephali, 
although in the former the separate longitudinal or transverse 
muscular bands are frequently placed at some distance from one 
another. On the other hand, the Annelides, owing to the arrange- 
ment of the longitudinal fibres into two dorsal and two ventral 
layers, have a distinct lateral field or groove ; the longitudinal layer 
is the thicker. A layer of transverse fibres, generally represented 
by distinct bundles, passes from the ventral median line to the 
lateral grooves. 

In addition to these muscles, which are present throughout the 
body, there are also separate muscles for special organs. We need 
only mention here the muscles which move the bundles of setae, and 
which are probably nothing more than fibres separated from the 
muscular mass, which extends over the whole body. 

The suckers found in the Trematoda, Cestoda, and Hirudinea, 
are special differentiations of the dermo-muscular tube, which agree 
with one another in all the essential points of their structure. 
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5 114. 

The muscular system of the Bryozoa consists of an external 
layer of circular, and an internal layer of longitudinal fibres 
(Phylactolasma). The circular layer is frequently separated into 
distinct bands. The muscles which connect the protractile portion , 
of the body with the cell are the best developed. When the walls 
of the cell are very strong the circular bands are separated (Flustra), 
and form bundles whioh pass from the side walls of the cell to its 
superior free edge. Some of these are inserted into the portion of 
the cell, which functions as an operculum. When longitudinal 
muscles are present, some of the muscular fibres are separated off 
behind the invaginated portion of the body, and pass inwards to the 
duplicature of the body-wall, whence most of them are produced on 
to the base of the tentacles. They form the retractors of the 
anterior part of the body (parieto-vaginal muscles). 

The Vermes differ considerably from one another in the structure 
of the form-elements of their muscular system. The muscular 
fibres are more or less elongated structures, which as a rule are the 
product of a single cell, even where they are very long, as may be 
inferred from the presence of a single nucleus'. The lower forms of 
the Platyhelminthes have pale fibres often difficult to make out, which 
may be branched. In the higher Platyhelminthes they form tubes, 
the contractile substance forming a hollow cylinder, which contains 
indifferent protoplasm and the nucleus. The contractile portion 
of the fibres sometimes presents a fibrillar striation. This is seen in 
the Hirudinea, Acanthocephali, and Gephyrea. In the last two of 
these divisions the fibres of each layer form a network. 

Among the Nemathelminthes the simplest condition is seen in 
Gordius. The muscular fibres are broad thin bands, with their 
surfaces applied to one another. In others, special differentiations 
of the fibres may be seen forming rhomboidal plates, which 
are frequently continued into elongated fibres. The contractile 
substance is fibrillated and striated, and lies on the outer side of the 
fibres, while the portion of the fibre directed towards the coelom is 
formed of protoplasm, which remains indifferent, and encloses a 
nucleus. With this are allied the special metamorphoses of the 
fibres into canalicular, or flattened cylindrical forms. Each fibre 
has a very deep groove j this it either retains for its whole length, 
or it becomes cylindrical towards its ends ; its open part being always 
directed towards the body-cavity. The walls consist of contractile 
substance, broken up into fibrillao. Protoplasm fills the small space 
of the groove, and a deUcate membrane is produced from the edges 
into a pouch-shaped organ, which projects from each muscular fibre 
into the body-cavity, the greater part of which is filled up by these 
pouch-like appendages of the muscular fibres (Ascaris lum- 
bricoides. Fig. 61 , A). From the pouches, oblique fibres run to the 
median lines ; they often have a fibrillar character, and have been 
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regarded as nerves. In some parts tliOT exist as distinctly muscular 
fibrillae. If the pouch is not develo^d, these fibres are attached to 
processes of tha muscular fibres, which often become converted into 
tubes flasttened at the sides. Both these conditions are found not 
only in the same genera, but even in the same individual, where they 
gradually pass into one another. In the last-mentioned form of the 
muscle-cells, a large number of fibres are generally placed closely side 
by side in the muscle-tube. The muscular fibres of the Chaetognathi 
are distinctly striated transversely ; there are traces of such striation 
in many other Vermes. 


Nervous System. 

§ 115. 

The close relation between the nervous system and the general 
organisation is shown by the general arrangement of this system. 
The centres and peripheral parts are simple when the body is not 
divided into metameres ; while, when the body is segmented, meta- 
merism is exhibited with the greatest regularity in the central organs 
of the nervous system. In all worms the most important central 
organs of the nervous system are placed in the 
anterior part of the body, and generally near the 
commencement of the alimentary canal, A de- 
velopment of the nervous tissue from the ecto- 
derm has been made out in several divisions at 
least. The central organ above the fore- 
gut is the most primitive portion of the 
nervous system, whatever modifications 
it may present. When a head is separated 
off it lies in it, and always innervates the 
sensory organs that are developed in the 
head; it varies in the degree of its de- 
velopment with these organs. Nerve - 
trunks, radiating thence to the periphery 
of the body, appear in various degrees of 
elaboration, in proportion to the extent 
of the area of their distribution. Two 
different conditions may be developed from this 
arrangement. The first consists in the ventral 
connection of the superior central organs. This 
gives rise to an oesophageal nerve-ring. The 
second is distinguished by the development of two 
longitudinal trunks, which approach one another 
on the ventral surface, and have central elements placed in them. 

The primitive form of the nervous system is retained in most 
of the Platyhelminthes, since they possess two large ganglionic 
masses, connected by a transverse commissure in the anterior region 
of the body. These cerebral ganglia (Fig, 62, gr), with the two 
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longitudinal nerve-trunks (n) wHch pass out from them, form the 
principal portion of the nervous system ; from it finer branches pass 
off to the sensory organs of the integument {n), to the dermo- 
muscular tube, and to the internal organs. The longitudinal trunks 
pass along the lateral edges of the body, and are placed closer 
together, or are more widely separated from one another, ^cording 
to the breadth of the body. In the dendrocoelous Turbellaria, as well 
as in many Trematoda, these lateral longitudinal trunks are only 
slightly developed, so that it is difficult to separate them from the 
other nerves, which arise from the cerebral ganglia, although they 
are not unfrequently distinguished from the other nerves by their 
larger size. 

The Rotatoria come nearest to the Platyhelminthes. The central 
organ is a ganglionic mass lying on, but never surrounding, tho 
oesophagus. In some it is distinctly separated into two lateral 
halves. The peripheral nerves arise from this cerebrum ; and as 
they are not collected into longitudinal trunks, the simplest form, 
which is most like to that of the Turbellaria, obtains in this group. 

The nervous system of Pedicellina appears to be of this low grade, 
for it is placed on the stomach, and does not form an oesophageal 
ring. It is not quite certain whether or no the ganglionic masses, 
which lie on the oesophagus in Echinoderes, are separated from one 
another. If there is a dorsal commissure the arrangement would 
be similar to that in the lower Platyhelminthes. 

The nervous system of the Bryozoa is more highly developed ; 
its single central mass is a simple ganglionic swelling, lying between 
the mouth and anus, and sending out, in addition to large branches 
for the tentacles, two nerves which form a ring around the com- 
mencement of the oesophagus. Where the nervous system is most 
exactly known, as in Alcyonella, there is no doubt about tho 
oesophageal ring. Prom the lateral part of the central nerve-mass 
a lobato process goes to the lophophore, and, like the rest of the 
oesophageal ring, gives off nerves to the tentacles. 

In addition to this nervous system in each individual, a colonial 
nervous system has been recognised in the stock, but it is not 
quite certain that this system does exist. 

§ IIG. 

The nervous system of the Nemathelminthes appears to be ar- 
ranged in a special manner, so far as the facts about it are agreed 
upon. It consists of a central or^an placed on the oesophagus, and 
suiTounding it as a ring, from which nerves radiate forwards, as well 
as backwards. This distribution of the nerves corresponds to tho 
arrangement of the ganglionic cells of the oesophageal ring. The 
nerves which run forward from it may be separated into six fibrous 
bundles. Two run in the middle of the lateral tracts, and four in 
the direction of the secondary median lines. Ganglionic cells lie 
both on their origin and their course. The nerves which pass back- 
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wards consist of a dorsal and a ventral trunt, wliicli pass along tlie 
corresponding median lines. In addition to these, two chords arise 
from the ventral portion of the oesophageal ring, and, converging 
posteriorly, unite to form a mass of ganglionic cells (G. cephali- 
cum). The median nerves run along the whole length of the body. 
Both send fibres into the matrix of the integument. It is clear that 
this arrangement is a modification, speaking generally, of the simple 
conditions of the nervous system of other Vermes; but it is so 
peculiar that any special comparison is altogether impossible. 

The same holds for the nervous system of the Acanthocephali. 
A small ganglion placed at the base of the sheath of the pro- 


boscis gives off branches an- 
teriorly as well as posteriorly. 
Its relation to the dorsal cen- 
tral organ of other Vermes is 
obscure, as it is placed between 
the bundles of the ventral re- 
tractors of the sheath of the 
proboscis. 

§ 117. 

In the second form of the 
nervous system two longitu- 
dinal trunks are predominant ; 
these arise from the cerebral 
ganglia, and pass backwards. 
This arrangement is first seen 
in the Nemertina, and is di- 
rectly related to what obtains 
in the Turbellaria, in which 
there are often two greatly 
developed longitudinal nerves 
passing backwards. The size 
of these two peripheral longi- 
tudinal trunks is dependent 
on the length of the body. 
As there are ganglionic cells 
in them, they are not exclu- 
sively peripheral organs. The 
cerebrum, too, in the Nemer- 
tina is mpre largely developed. 
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which we have already de- 
scribed above as the proboscis. Although in most of them the 
longitudinal trunks (Fig. G3, v) run exactly along the lateral edge of 
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tlie body (embedded withm the muscular layers), in others (CErstedia) 
they approach one another ventrally, and are distinguished by swell- 
ings at the points where nerve-bmnches are given off. This is an 
anticipation of the future development of ventral ganglia, 
the elements of which are already present in the longitudinal trunks. 
The ventral approximation of the longitudinal trunks shows us 
how the central system got its ventral position, which becomes 
further developed by the formation of ganglia. But the ventral 
approximation of the longitudinal trunks, by surrounding the oeso- 
phagus, leads to the formation of an oesophageal nerve-ring, 
when the ventral longitudinal trunks meet. It is an open question 
whether the oesophageal ring of the Bryozoa, and of the Nemathel- 
minthes arose in such a way as this, and we would only just remark 
that even if they had a similar origin it does not follow that there 
is any connection between them and the oesophageal nerve-ring of 
other worms. For in the Nemertina we see that the origin of this 
arrangement is due to the two peripheral longitudinal trunks, which 
are not present in the other case. 

In the Nemertina the oesophageal ring is not closed; in the 
Annulata it is closed by transverse connections between the primi- 
tive longitudinal trunks. These have gained a central significa- 
tion, owing to the large number of ganglion cells in them ; the 
longitudinal trunks now appear to commence as commissures, 
which connect the primitive dorsal nerve-centre (cerebrum) above 
the (esophagus with the ventral one, which is formed from the 
longitudinal trunks. 

§ 118 . 

The cerebral ganglionic mass is not always present in the 
Gephyrea. It is well marked in Sipunculus and Sternaspis, and in 
the former it is divided into two parts. In Bonellia and Priapulus, 
however, only fibrous elements surround the oesophagus, so that in 
comparison with the other two a change has occurred, in which the 
central elements must be supposed to have become degenerated, or 
to have taken on a ventral position. The consequent arrangement 
corresponds to a great development of the commissure, which 
was formerly present between the two halves of the superior ganglia. 
Instead of the two ventral longitu^nal trunks there is a single 
nerve-chord, in which the fusion of two trunks is only a matter of 
inference. This ventral chord generally lies within the coelom, but 
in some it is placed outside the muscular layer, just below the 
integument (Priapulus). 

As a rule, there are no collections of ganglion cells into special 
swellings, or expressions of metamerism ; it is only in Echiurus that 
they are present, and in it they are but feebly developed ; in other 
cases (Sipunculus, Sternaspis) there is a terminal thickening, of the 
chord which gives off fine filaments. 

The ventral chord gives off filaments on either side, which are 
frequently irregular in origin; they are the peripheral nerves. 
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Similar nerves are given off from the oesophageal ring to the 
alimentary canal. 

The concrescence of two separate structures in the ventral chord 
of the Gephyrea is the reverse of the permanent separation of the 
two halves of the ventral chord, which obtains in other divisions of 
the Annulata. It would not, however, be safe to regard these stages 
as lower ones, until observation shall have shown, which it has not done 
yet, whether or no they are preceded by an earlier stage, like that 
in the Gephyrea. The connection of two separate ventral chords by 
means of transverse commissures would be more easily explicable if 
the ventral chord were previously single. 

The nervous system of Sagitta has a peculiar character. Lateral 
commissures from the cerebral ganglion in the head, pass backwards 
and downwards to the ventral surface of the body, and pass into a 
large ventral ganglion, which lies just below the 
integument, and gives off peripheral nerves to all 
sides, 

§ 119 . 

A higher grade of differentiation is seen in the 
nervous system of the Hirudinea and Annelides. 

The cerebral ganglia are connected by commissures 
with a ventral chord, and so far these groups re- 
semble the Gephyrea. In many Annelids the two 
halves of the ventral chord are homogeneous, and 
only indicate their metameric character by giving 
off nerves. In most, however, there are central- 
form-elements regularly distributed along it. The 
ventral chord then appears to be broken up into 
separate ganglia, which are connected with one 
another by longitudinal commissures. Each gan- 
glion, again, is broken up more or less regularly 
into two halves, which are connected together by 
transverse commissures. The two ventral chords - Anterior 

then form a chain of ventral ganglia (Fig. 64). voVs^^s^tem^Tf 
In many Hirudinea the longitudinal chords of the Cap it el la ca pi- 
ventral medulla are, during the early stages, sepa- la-ta. g 
rated from one another. Later on they are placed fes?^ c CEsopha- 
very close to one another, and almost seem to be geai commissure, 
a single chord. In this case, therefore, the separa- ^ 

tion of the chords must be regarded as the more ^NervespaSng off 
primitive condition. The longitudinal chords are from them (after 
still closer in the Scoleina, and in the Nereidae, Clapar^xie). 
Amphinomidse, and Euniceae among the Chaoto- 
poda; but in all these cases there is not a real fusion, but only 
a close approximation, which appeaiis to be still closer on account 
of the connective tissue investing the two nerve-chords. 

In the tubicolous Annelids the ganglia -bearing longitudinal 
trunks are separate ; in the Serpulidae especially, the lateral portions 
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of the ganglionic chain are widely separated from each other an- 
teriorly. In the Sabellidas and Hermellidac the chords are closer 
together, and indeed in the anterior portion of the ventral nerve- 
chord the transverse commissures are much shorter than in the 
posterior. Finally, the Terebellidm close the series, for in them the 
transverse commissures between the ganglia are distinct in the 
posterior portion only, while in the anterior portion the ganglia of 
either side are completely fused. 

With regard to the ganglia, the perfection and greater develop- 
ment of the cerebral ganglia in Hirudinea and Annelides must bo 
mentioned as contrasting with the lower Vermes. The two halves 
are very seldom united into a single mass; in Bnchytrfeus, 
this condition appears to be due to degeneration. A breaking-up 
into distinct lobate segments, of which the Nemertina present a 
simple case, may give rise to a great diversity in form. The lobes 
frequently have the form of rounded projections, at times almost 
pedunculated. The cerebral ganglia are then complexes of smaller 
ganglia. 

In the ganglia of the ventral chord also, remarkable differen- 
tiations may arise, partly from an increase in size, and partly from 
concrescence. In the Hirudinea, the first ganglion is generally very 
large, and always larger than the rest; it corresponds to a large 
number of separate ganglia united with one another, as may be seen 
from the segments which compose it, as well as from the nerve- 
branches which arise from it. A similar condition is found at 
the end of the ventral chord, where the larger ganglion present, 
and innervating the sucker, is produced by the concrescence of 
several primitive ganglia (seven in Clepsine), which corresponds 
to as many nietameres as form the sucker. This pheenomenon of tho 
approximation (by shortening of the longitudinal commissures) of 
separate ganglia obtains also in the Scoleina, but here tho inde- 
pendence of the parts is often clearly recognisable, owing to tho 
presence of separate transverse commissures. The Hermellidie 
among tho Chastopoda are an example of this, for in them the first 
seven ganglia on each side are in direct contact with one another. 

I he length of the commissures, as well as the number of ganglia, is 
directly connected with metamerism. In the Lumbricida? with 
small rings they are very close together, so that the whole ventral 
chord presents a compact series of swellings and constrictions. The 
ganglia in Clymene and Oirratulus are still closer together. 

Owing to this close association of the ganglionic structures of 
the ventral chord, it has been supposed to be analogous to the spinal 
chord of the Vertebrata. And the ventral ganglionic chain has there- 
fore been called the ventral medulla.^^ Although we may allow 
the analogy, there is no reason at all for supposing that there is any 
homology. Position, development, and structure forbid such a 
supposition. As to structure, let it be here noted that the ganglion 

^ • ventral chord are in the periphery of the ganglia, 
wnile the inner part is essentially occupied by fibrous bands. 
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§ 120 . 

The cerebral ganglia give off, chiefly, the nerves of the higher 
senses, and are developed in different degrees, according to the 
perfection of these latter. The tentacular nerves, and those of the 
organs of sight, deserve to be particularly noticed (Fig. 64, o). 

The nerves which rise from the ventral chain go off, as a rule, 
from the ganglionic swellings ; in many divisions, indeed, there is 
an apparent origin from the longitudinal commissures, but the 
nerve may then be always referred to the nearest anterior ganglion. 
This happens in the Scoleina, in the Siphonostomse, in Aphro- 
dite, as well as in the Nereidae, and others. Very often the 
lateral branches of the ventral medulla form small ganglia, which 
are generally placed at the base of the parapodia, and from 
which finer nerve-twigs take their origin (e.g. in the Nereidae). 
These ganglia are often connected together by longitudinal com- 
missures, and thus there arises a separate part of the nervous system 
which is co-ordinated with the ventral nerve-chord (Pleione). 

The visceral nerves are differentiated in the same way. In 
the lower divisions of the Vermes nerves pass from the superior 
single ganglion to the alimentary canal. This has been observed 
in the Turbellaria as well as in the Trematoda. In the Annelides 
not only are these nerves more developed, but they become in- 
dependent to a certain degree, owing to the deposition of ganglia 
in them. We divide the apparatus, which has in this way become 
a special system of visceral nerves, into an anterior and a posterior 
portion. The former is distributed over the oral region, and is 
specially developed in the ChaBtopoda which are provided with a 
protractile proboscis (Phyllodoce, Glycera, etc.). The posterior 
portion, which is less developed, passes on to the enteric tube. 
In the Hirudinea there is an azygos enteric nerve ; in the Lumbri- 
cidas anerve is continued from the oesophageal commissure, on either 
side, to the ganglia placed on the enteron ; these ganglia have been 
observed to vary in number. These two portions of the visceral 
nervous system, notwithstanding their distribution in parts which 
are physiologically connected, must be kept apart, for the anterior 
portion is distributed in parts, which are movable at will, while the 
latter alone correspond to a true enteric nervous system, and in 
view of their physiological relation can be called a sympathetic 
nervous system. 

Leydiq, TJeber d. Nervensystem der AnDeliden, Arob. f. Anat. Ph. 1862. 

Hermann, E,, Des Centralnervensystem von Hirudo medioinalis. Munich, 1876. 

§ 121 . 

The nervous system in the Solenogastres differs in several 
points from the forms which have been already mentioned as ob- 
taining in the Vermes. The cerebral ganglion, which in Ohsetodenna 



162 C01O>AEATIVE ANATOMY. 

is ooii3|>osed of four lobes, giyes off four nerve-trunks, wbiob 
backwards. ^ Two of tbem have a centrd, and two a lateral 
^ course. They unite in a ganglion near the end of the body. In 
/^Keomenia there is a considerable complication. The cerebrum gives 
^ a commissure, which surrounds the oesophagus, and of these also 
a commissural chord on either side, each of which passes to a ganglion 
at the side of the oesophagus ; from each ganglia a lateral nerve-trunk 
is given off. The lateral nerves unite in a terminal ganglion 
(branchial ganglion). A commissure passes from each of the 
lateral ganglia to a ventral ganglion, which gives off a ventral nerve- 
trunk, which is connected with its fellow of the opposite side by a 
number of transverse commissures. If the lateral and inferior pair of 
ganglia be regarded as parts separated off from the cerebrum, this 
form would be seen to approximate very closely to Ohastoderma, 
and the only difiFerence would lie in the oesophageal commissure, 
in the transverse commissures of the ventral trunks, and in the 
exclusion of the latter from any share in the terminal ganglion. 
In any case we have in Neomenia a further development of the 
simple characters of Chaetoderma. This is not the place to indicate 
further points of comparison, for as yet we are only beginning to 
obtain any exact knowledge as to the structure of these animals. 


Sensory Organs. 


Tactile Organs. 

§ 122 . 

The sensory organs of the Vermes are of a high grade of 
difFerentiation. The organs of tactile sensation appear in 
the form of fine modifications in the structure of the integument 
with which the peripheral nervous system enters into connection. Of 
this kind are the true tactile organs, while the coarser arrangements 
such as the processes of the integument, are only bearers of them! 
The essential part of these organs consists in the connection between 
the sensitive nerve-fibres and the modified cells of the integument ; 
these cells, as a rule, project beyond the surface of the integument,' 
as stifF setiform processes (tactile setae, or rods). These arrange- 
ments are most exactly known in the Rotatoria and Annelida, but 
they have been recognised in other divisions. 

Tactile setae are widely distributed among the Turbellaria and 
Nemertina, where they are sometimes found over the whole body, 
and sometimes are richly developed on the head. They are found on 
the tentacles of the Bryozoa; and are widely distributed on the 
cephalic segment in the Lumbricidas, and in the Chastopoda. They 
appear in the Chaatopoda on the true tentacles and antennaa, as also 
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on those appendages of the pampodia^ which are known as drri^ 
as well as on the stmctnres which are formed from modifications 
of these cirri (cf. § 10d)« The appendages jast mentioned are pro- 
vided with a large number of end-organs of sensitive nerves, and 
thus become complicated tactile organs, which are of a somewhat 
high grade, on account of their power of movement. 

A special complication of the tactile rods obtains in some Hiru- 
dinea, where groups of these structures are embedded in the base of 
cup-shaped organs. There is a large number of such organs in 
the head, and they are scattered over the hinder rings of the body. 
The arrangement of the sensory parts in depressions of the surface 
of the body justifies us in supposing that we have here to do, not with 
a special tactile organ, but with a sensory organ of general character. 

The tactile papillas are less differentiated than the tactile rods 
or setas. They are developed in places where the body is covered by 
a stronger cuticular layer, and are conical or wart-shaped elevations 
of the cuticular layer, which are' traversed by a pore-canal. We 
find these tactile papillas in the Nematodes, where they are grouped 
in a regular manner, some near the oral, and some round the genital 
orifice. 


§ 123. 

Very little is certainly known as to their function, but organs 
which may be regarded as sensory are formed by parts of the body 
which either carry cilia, or have their epithelium distinguished by 
some other peculiarity; such are the cephalic pits of many 
Nemertina, and the similar parts in Polygordius. The clefts at 
the side of the head lead into a narrow ciliated canal, which is con- 
nected, either directly or by means of a fibrous chord, with the 
cerebral ganglion. Perhaps the apparatus presented by the pro- 
boscis of Balanoglossus may be regarded as an organ of this kind. 
It is uncertain whether these organs serve for the perception of the 
conditions of the surrounding medium, and possess a function 
analogous to that of olfactory organs. 


Visual Organs. 

§ 124. 

The visual organs of the Vermes offer numerous examples of 
the gradual evolution of an organ from an indifferent condition. In 
many of the lower Vermes, Turbellaria, Tremaioda, Nemertina, and 
Rotatoria we often find, at the place where other forms have dis- 
tinctly developed eyes, pigment -spots only, which are arranged 
symmetrically, and either placed directly on the brain, or close to 
it. Nothing is known as to the mode of termination of nerves in 
these organs, so that it is uncertain whether such eye-spots 
should be regarded as organs for the perception of light. 
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Wd ^1 1 be more oertain about function when the pigment-spot is 
merely a oorering for the special end-organs of the sensitve nerye. 
Thase end-organs have the form of specially modified cellsj which 
teaverse the pigment either singly or in groups ; judging from what 
obtains in cases where the optic organs are more exactly known^ we 
may confidently say that these structures are in direct connection 
with nerves. They are the so-called crystalline rods, or crys- 
talline cones. 

Eyes of this kind are common enough in the Turbellaria, among 
the Platyhelminthes (species of Mesostomum and Vortex); they 
are as a rule found in pairs on the upper surface of the head. 
Many marine Planaria have a larger number of regularly-ar- 
ranged, well-defined, pigment-spots on this part, some of which 
surround a crystalline body. These eyes frequently appear in the 
early stages of the embryo as pigment - spots ; this is also their 
condition in many Trematode larvae, although, in many, distinct 
crystalline bodies may also be made out (Amphistoma subclavatum, 
Monostomum mutabile). In the entoparasitic forms of this division 
the visual organs disappear, while they are persistent in many of 
the ectoparasitic forms (Dactylogyrus). They are also persistent 
in Polystomum. They are absent in all stages of the Cestoda, 
unless, indeed, we are to regard the red pigment-spots, which in 
some lie behind the suckers, as rudiments of such organs. 

In the Nemertina, where eye-spots are frequently present, true 
eyes have been observed in but few cases (Polia coronata, Nemertes 
antonina). Eye-spots and true eyes of simple form are found on 
their oesophageal ring, in the free living Nematodes (Enoplus), while 
they are absent in nearly all the parasitic forms ; here, therefore, 
degeneration of sensory organs goes hand in hand with parasitic 
habit. 

The visual organs in the Eotatoria are placed immediately on the 
cerebrum. There is one crystalline rod to each of two connected 
pigment-spots; or there is only a single visual organ with one 
crystalline rod. Others have a pigment-spot and nothing else. 

The complex pair of eyes in Sagitta is distinguished by a largo 
number of radially-arranged crystalline cones, and with these are 
found characters which remind us of what obtains in the Annulata. 

§ 125 . 

Among the Annulata the optic organs of the Hirudinea occupy 
the lowest position. The eyes, which are present in many, lie, as in 
the Platyhelminthes, on the surface of the cephalic portion of the 
body, and are, as in them, generally arranged symmetrically and in 
large numbers. In their structure they agree in so remarkable a 
manner with the cup-shaped structures mentioned in speaking of the 
tactile organs, that in them a condition appears to exist, in which 
a specific sensory organ is evolved from the indifferent 
organs of sensation, which are found in the integument. 
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Among the Annelides we find the eyes of the Ohjetopoda gene- 
rally hidden beneath the integnment, and placed on the cerebral 
ganglion in one or two paire : a single eye is 
seldom present. Generally one pair is consider- 
ably developed^ and the second often reduced 
to a pigment-spot. Where these yisoal organs 
are specially developed they stand out on the 
surface of the integument (Syllidaa, Nereidae, 

Fig. 65, a) i and may attain to a highly compli- 
cated structure. This is the case in the Alciopas, 
the pelagic mode of life in which is in con- 
nection with the high grade of development of 
this sensory organ. This influence of the mode Fig. 65, Head and 
of life is also seen in their nearest allies, the most angrier regments 
Phyllodoceidae, which live at the bottom of the ® ^Ventaclel 
sea, and have rudimentary or very simple eyes, c Unpaired cephalic 
The spherical bulb (Fig. 66) presents this, the tentacle, d Cirri, 
highest degree of development in the Alciopidas 
only. The integument (c) covers the anterior, strongly-curved seg- 
ment, immediately behind which there is a spherical lens (Z). The 
hinder segment, the innermost layer of which forms the layer of 
rods (6), surrounds a homogeneous vitreous body (A). A layer of 
pigment (p) separates the layer of rods from the parts of the 
retina which lie more to the 
exterior; outside all these is 
the expansion of fibres of the 
optic nerve (o'). While in the 
simpler forms of eye the ter- 
minal organs of the nerve lie 
in the integument, they are 
here pressed together into a 
concave layer. Influential in the 
development of this arrange- 
ment is the multiplication of 
the perceptive elements, and 
the formation of refracting 
.media. Just as the eyes are 
completely wanting in the ma- 
jority of the Scoleina which 
live in the dark, so also these 
organs undergo degeneration (NTOphanta 

m 1 .1 celox) (after GreefF). i Integument, oover- 

m the TublC^a among the anterior segment t)f the bulb, c. 

Chsetopoda. The eyes which l Lens, h Vitreous body. 0 Optic nerve, 
are present in the larvm, and o' Expansion of the optic nerve, p Layer of 
even in later stages, disappear, pigment, l Layer of rods, 

or are represented by mere 

pigment-spots, when they enter upon the fixed mode of life. 

The development of visual organs on the branchial tufts of the 
head is an adaptation of another kind, which is seen in certain 
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8al>€31id80 (B^raiioluoimQa) j in them the eyes are either placed 
in large numbers on the pinnate branches of the branchial filaments^ 
^ at their ends only. In other Annelides there is a similar change 
in position as compared with the primitive one. In many there are 
eyes at the posterior end of the body^ as well as on the cephalic 
segment ; ana finally^ in the genus Polyophthalmus there is ^air of 
eyes on each metamere^ in addition to those on the head. We here 
find an arrangement which is not only of importance as bearing on 
the estimation of the metameres^ but is also a proof that visual 
organs may be developed at points which in other forms only carry 
sensory organs of a lower kind. 


Auditory Organs, 

§ 126 . 

We consider as auditory organs in the Vermes organs which, as 
in the Coelenterata, consist of a vesicular capsule, in which there is a 
firm, large concretion, or a number of smaller ones. The wall of the 
capsule is frequently invested with cilia, as may be seen from the 
trembling movements of the auditory stones (otoliths) . The difficulty 
of making out the nerve-branches in the lower Vermes — in which, 
indeed, these organs are most largely distributed — ^has generally 
caused the connection of the auditory vesicles with the nervous 
system to be missed. 

These auditoiy vesicles are generally unpaired in the Turbellaria, 
in species of Monocelis, Convoluta, ftoporus, Derostomum. They 
generally lie close to the cerebral ganglia, and are found as a rule in 
those genera which are devoid of eyes or eye-spots. In the Nemer- 
tina they have only been observed in some cases (CErstedia). In 
the rest of the Platyhelminthes these auditory vesicles are not, 
apparently, present, and they are also wanting in the Nematodes. 

Only in the Annelida do they appear again, where they are 
paired, and' as a rule placed at the sides of the brain (Alciopidso 
Arenicola, Fabricia, Amphiglena, etc.). 


Alimentary Canal. 

§ 127 . 

The alimentary canal of the Vermes forms a tube, which is 
either embedded in tfaa parenchyma of the body, or, when a coelom 
is present, in it it nas a general adaptation to the form of the 
body. The mouth lies, as a rule, at the anterior end of the body, and 
IS always placed on the ventral surface. Where an anus is present, 
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it is placed, as a rule, at tlie Under part of the body, and is some- 
times ventral and sometimes dorsal. 

A differentiation of the enteric tube into several functionally 
different portions can always be made oat ; accessory organa for the 
prehension of food are also often present at 
the entrance into the digestive cavity. The ^ ' 

three portions, which are here present for the 
first time, are distingaished as fore-, mid-, 
and hind-gut; the last is absent when there 
is no anus. 

The primitive form of enteron agrees with 
the characters which are seen in the Gastrula- 
form (§ 28). It makes its appearance in all in 
the embryonic commencement of the organism 
as a cascal cavity, with but slight complica- 
tions, which opens on the surface at one point 
only; it persists in this form in the lower 
Vermes. This opening serves for the inges- 
tion of food, and also for the ejection of its 
undigested remains ; it is mouth and anus at 
the same time. This arrangement is very 
common among the Platyhelminthes, being 
the only condition of the alimentary canal 
among the Trematoda, and the dominant one 
among the Turbellaria. In the rhabdocoelous 
Turbellaria the alimentary canal is distinctly 
marked in its anterior portion only, and has 
the form of a simple blind tube extending 
through the body. The simple mouth varies 
in position ; it may be in the anterior portion 
of the body, or towards the middle of the 
ventral surface, and lastly, even in the pos- Fig. 67. Prorhynchus 
terior portion; it leads into a muscular fluWatilis. o Mouth, 
pharynx, which is seldom absent (Schizos- 

tomeaa), and which is, in many cases, pro- % Enteron. gl Glands 
tractile. This is the portion of the alimentary opening into the enteron. 
tract, which, under many modifications, can 

be most clearly traced in most divisions of the oesophagus, which ends 
Vermes. caecallyat I/. ou Ovary, 

in which there are, in 
§ 128. the anterior parts, ova 

at various stages of 
development. 



In the dendrocoslous Turbellaria the gut development, 

is adapted to the broad form of the body. 

The mouth is (Fig. 68, o) placed vontrally, and often near the 
middle. The muscular pharynx (p) is often metamorphosed into 
a proboscidiform organ, which is capable of great enlargement in 
size, and is cylindrical or drawn out into lobes. ^Jt leads into an 
enteric cavity (y), which occupies the middle of the flat body, and 
which is broken up into numerous branches, which pass towards 
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the edge of the body j an elegant mesh-work may be formed by 
the connections of these with one another (Thysanozoon). Owing 

to the free communication that these 



branches have with the central cavity, 
the chyme is distributed in the body, and 
so the enteric canal takes on the function 
of a vascular system. The land Plana- 
rians are remarkable, inasmuch as their 
enteric tube consists anteriorly of a median 
canal, while it is divided posteriorly. Nu- 
merous and regular transverse processes 
pass oiBf from both divisions of it. 

The enteric tube is branched in many 
of the Trematoda. The gut commences 
by a mouth, which is generally placed 
in the anterior region of the body, and, 
as a rule, has the surrounding parts meta- 
morphosed into a sucker (Pig. 69 , s) ; this 


Fig. 68 . Digestive apparatus « followed by a muscular pharynx ( 6 ), 
of Eurylepta sanguino- from which the enteron proper is given 
lenta. o Mouth. pPha^nx. This is, when most simple, a csocal 

ti<me*^e di^ive'^vi^ (Aspidogaster, Gasterostomum), and 
wNervegangiion (brain) (after corresponds to a low grade of develop- 
Qnatrefages). ment; this is very common among the 

Trematoda at certain stages of their de- 
velopment (Redia-form). When more differentiated, the enteron 
divides into two branches, which pass backwards, and either give 

off greatly ramified branches into the body 

» (Distoma hepaticum), or form simple 

C80cal sacs (c) (Distoma flavescens, D. 
lanceolatum). The two branches may 
unite again and form an arrangement like 
that which obtains in some Planarisc. It 
^ is clear, from the homogeneity of its sti*uc- 
ture, as well as from its contents, that 
even in the Trematoda this branching of 
the gut is merely an enlargement of the 
tract in the body, and not the formation 
of heteronomous segments. The texture 
of the wall is in correspondence with the 
stage of this form of enteron, for 
of Distoma flavescens. Only the epithelial investment is indepen- 
0 Mouth surrounded by a dent, being bounded, exteriorly, by the 

Slicker, «. -s' Ventral sucker, tissue of the parenchyma of the body — 
0 Muscular portion of the oeso. x* x* *' 

phaguB or pharynx, c Bifur- Connective tlSSUe. 

cated enteric tube. Complete degeneration of the gut is 

clearly due to adaptations to definite 
modes of life, in which the food passes through the integument 
by endosmosis. This phecnomenon, brought about by parasitism. 


Pig. 69. Alimentary canal 
of Distoma flavescens. 
0 Mouth surrounded by a 
sucker, «. b' V entral sucker. 
h Muscular portion of the ceso- 
phagus or pharynx, c Bifur- 
cated enteric tube. 
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attains its highest development in the sporooyst forms of theTrema- 
toda. Finally, the absence of an enteric canal is the rule among 
the. Oestoda, where the enteron is not present for a time even. 
The enteron is altogether wanting in the Acanthocephali, and for 
the same reason — ^namely, parasitism. 

Among the Platyhelminthes there are forms which are distin- 
guished by the possession of an anus, and which may be contrasted 
with those which indicate their lower condition by not possessing 
one. Such are the Microstomese among the Tur- 
bellaria rhabdocoela, and the Nemertina, the enteric 
tube of which has pretty much the same form 
throughout, and which begins by an elongated 
ventral mouth, which lies behind the central nervous 
system. In Malacobdella the mouth is placed at 
the anterior end of the body. A muscular, but 
generdly feebly-developed, pharynx, leads into the 
intestinal tube, which is provided with a large 
number of lateral diverticula. This fills the greater 
part of the body-cavity, to the walls of which it is 
attached by muscular fibres. The lateral diverticula 
of the enteric tube are sometimes regularly arranged, 
and are the first indications of metamerism. This 
is best seen in Pelagonemertes ; and so far this 
form calls to mind the dendrocoelous Turbellaria. 

§ 129. 

In the Nemathelminthes all three portions of the 
alimentary tube are generally present. In corre- 
spondence with the form of the body, it forms a long 
tube, which traverses the body, beginning by a 
mouth in the centre of the anterior end of the 
body, and ending by a ventrally-placed anus, which 
is more or less near the caudal end. The most 
anterior portion (oesophagus) forms a narrow canal, 
the walls of which pass gradually backwards into a 
thick-walled pharynx (Fig. 70). This is distinctly 
marked off from the rest, and is distinguished by Nematode (Dia- 
a musculature, which enables it to act as a sucking gram), 
organ. The layer of chitin, which invests the tract 
from the mouth to this portion, not unfrequently forms ridges or 
tooth-like organs. The mid-gut (chyle-stomaeh), which succeeds 
the pharynx, is, as a rule, the largest part; it has simple walls, 
often formed by a single layer of cells, which in some (Heterakis 
vesicularis, Oxyuris vermicularis) is provided in places with ^0 
muscular covering of annular fibre. A cuticular layer generall^ 
lies outside the epithelium ; an internal cuticle, which is travers^ 
by pore-canals, appears to be present also. In many, the mid-rot 
forms a caDcal diverticulum in its anterior portion. This p^^on 
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ot intestane is attaclied by laterally-directed fibrous chords to 
the body-wall, as a rule, along the lateral lines. The hind-gut, 
which arises from the mid-gut, is the shortest portion of the whole 
canal, and is distinguished from the part in front of it by its 
diminished breadth. 


In the Gordiacea the enteric canal is present in the entoparasitic 

larval stages only, and undergoes 
retrogressive metamorphosis when 
the sexual organs are developed. 
In Gordius even the mouth dis- 
^ A appears. The organism, when it is 

/ / free, uses up the material which it 

ingested by its enteron during the 
earlier stages, in forming genera- 
(01 tive products, after it has given up 
^ || its parasitic habit, and the ingestion 

l\ enteric canal of the CIioo- 

^ iSl tognathi resembles in many points 

the Nemathelminthes, but 
I I enteron is connected to the 

I i' body- wall in a different way, namely 

^^1 P along its dorsal and ventral median 

I I Wj7i§ ^ lines. Setiform hooks, an’anged in 

^tI i \ w m ^ rows at the sides of the mouth, 

llilr (f serve as organs of prehension. 


/ m ni Although the digestive organs 

I W 1^ 'ml Bryozoa are sharply marked 

1 v/ ||\ w| off into the three primitive di- 

\ '*1 ' I visions, they are exceedingly simple 

0 in character. The mouth, which is 

Tj,. ^ r r, >, surrounded by the tentacles, or 

Paludicelia Ehrenborgii. i? Pin- placed, in the centre of the lobate 
matella fruticosa. hr Tentacular process which carries them, is in 
branohisB. oe Esophagus (fore-gut). one division (Phylactolsemata) over- 
V stomach, r Hind-cmt. a Anus. i. ' ii 

Coveringof the body (cell), a? Posterior; bnng by a movable process— the 
ff' Anterior chord, at the insertion of epistom. Thence it passes straight 
which into the body the generative back to an oesophageal portion 

"“A “ h 

anterior portion of the cell, mr Prin. Widened out or even converted into 
cipal retractor muscle (after Allman), a gizzard by the development of 

denticular processes in one part of 
it (Bowerbankia, Vesicularia). The second portion is separated 
from the fore-gut, which is invested with cilia, by a constriction 
(v), and forms the mid-gut. It functions as a stomach, and forms a 
caecum, which generally descends some way down into the coelom. 
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lund-gut follows a constriction of the somewhat more deeply- 
placed pyloric portion, and, ascending by the side of the fore-gut, is 
continued into an anus {B a), which is placed close to the mouth, but 
always below and outside the circlet of tentacles. The hind-gut is 
' sometimes widened (Flustra). 

The ciliated tentacles function as accessory organs of nutrition, 
food being brought to the fixed animals with the changing water. 

In the Pedicellinae the same parts can be made out as in the 
true Bryozoa, but the stomach has no 
caecum . 

The enteric canal of the Eotatoria 
exhibits sometimes agreement with lower 
conditions, for it may consist of fore- 
and mid-gut only, the hind-gut being 
absent (species of Notommata), while on 
the other hand it is more highly de- 
veloped, owing to the differentiation of 
masticatory organs in the most anterior 
portion. These are formed by chitinous 
structures, placed at the sides and oppo- 
site to one another ; they are provided 
with tooth-like processes, etc. (Fig. 43, 
m). The fore-gut commences with the 
mouth, which lies below the ciliated 
velum, and is distinguished by its lesser 
width from the mid-gut (ordinarily called 
the stomach Where a hind-gut is 
continued on from the mid-gut, it turns 
to the dorsal surface of the body, to 
open into a cavity common to the open- 
ings of the excretory and sexual systems 
— the cloaca — a peculiarity not found in 
other divisions of Vermes. 

§ 131. 

In the Gephyrea the three divisions 
of the enteric canal are, as a rule, distinct 
in the earlier stages only ; in some, how- 
ever, for a longer time (Priapulus) ; while in others, as the enteric 
tube elongates, the separation becomes less noticeable. The enteron 
then forms a tube, which is generally a good deal longer than the 
body, and which does not vary much in diameter. It is either dis- 
posed in several partially-coiled longitudinal loops, when the anus 
is on the dorsal surface of the animal (Sipunculus, Phascolosoma) ; 
or the enteron (Fig. 72, i) passes to the posterior end of the body, 
in numerous shorter coils, without forming large longitudinal loops, 
and ends in the anus, which is placed there (Echiurus, Bonellia). 
The latter agree with the majority of the other Vermes in the aboral 



Fig. 72. Enteric canal of 
Bonellia. The proboscis of 
the animal is coiled, so that the 
whole of it cannot bo seen, 
p Front of the proboscis. 
S8 ' Groove of tho proboscis, u 
Enteric canal, m Mesenteric 
filaments : they are only drawn 
in the anterior region, g Ex- 
cretory organs, c Cloaca, u Ute- 
rus (after Lacaze-Duthiers). 
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position of 
from them. 


the anus, while the Sipunculidas seem to differ more 
But this position of the anus is really only a further 
development of that dorsal posi- 
tion which it has in many of the 
Vermes, and does not in any 
way affect the homology of their 
enteron with that of the other 
members of this group. 




Fig. 73. En- 
terio canal of 
Sangnisnga. 
0 (Esophagus, 
c Posterior pair 
of caoca. a 
Anus. 


Fig. 74. Enteric canal 
of Aphrodite, o An- 
terior portion. 5 Middle 
(muscular) portion of 
the fore-gut. c Branched 
crocal appendages of 
the mid-gut. a Anus. 


§ 132. 

The metamerism of the body 
in the Annulata affects the en- 
teric tube ; but there are various 
other differentiations in it, which 
are due to adaptations to special 
modes of life. Here again the 
enteric canal begins as a csecal 
invagination. The aproctous 
condition, which persists in most 
of the Platyhelminthes,is passed 
through by these forms at an 
early stage in development. The 
entrance to the fore-gut is most 
variously differentiated in the 
Hirudinea. In some the pro- 
tractile oesophagus is greatly 


complicated, in others its en- 
trance is armed with chitinous ridges, which are the first signs of 
jaws. But in most the mid-gut is beset by pouch-like diverticula 
(Fig. 73), which are brancheci in Clepsine; the last two of these 
diverticula sometimes form longer caecal tubes (c) 
on the narrow hind-gut, which extends to the 
end of the body (Clepsine, Haemopis). These are 
the only caeca of the gut of Aulacostomum. In 
others the caeca are merely indicated by constric- 
tions. In all cases these arrangements correspond 
to the metamerism expressed also in the nerve- 
chord. 

In nearly all Annelids the fore-gut is separated 
into several, often very different, portions. A 
Fig. 75. Maxillary median portion is distinguishable by its more 

apparatus of a Euni- powerful muscular investment, and is separated 
^1rs^f^Ws^(afto mid-gut by a tract of varying length. 

mne-EdwarS). ^ Among the Scoleina, this portion, which is known 
as the muscular stomach,^^ is very greatly de- 
veloped (Lumbricus). It forms the end of the fore-gut. It is placed 
more towards the middle of the latter in most OhaBtopoda, and is 
frequently provided with denticles, which work on one another like 
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jaws. There is sometimes only one pair of these jaws (Fig. 55^ m), 
and sometimes there are several, which differ from one another in 
particular characters, and form a complicated apparatus (Fig. 75). 
This portion is very greatly developed in the Aphroditeidae. It 
can be protruded, as in many other voracious Annelids (Phyllodoce, 
Glycera, etc.), so that the anterior portion is everted and forms the 
outer surface of the " proboscis.^^ This protrusible portion is some- 
times very long. 

The whole arrangement undergoes atrophy in the Tubicolse, to 
which Arenicola is an intermediate step. The third division of the 
fore-gut is feebly developed in the Scoleina, and more so in the 
Chaetopoda, where it is often seen to be provided with a pair of 
caeca (Syllis, Arenicola). 

The mid-gut forms the largest, and also the most uniform, portion 
of the whole enteric tube. It generally has a perfectly straight 
course, and is seldom disposed in coils or loops. It is not only 
attached by the muscular lamellae from the body-wall, or by the 
separate fibres from the edges of the metameres, but is also divided 
into separate, and often diverticulate, portions, which correspond to 
the metameres. In the family of the Aphroditeidae, as in the 
Hiradinea, diverticula of this kind are developed into larger appen- 
dages, which may exhibit numerous branches (Fig. 74, o). 

The hind-gut is generally a short portion, and is of some size in 
the Tubicolae and in Arenicola only ; it seldom has a median en- 
largement, and generally extends to the anal opening from the 
mid-gut, without being sharply marked off from it. 

Myzostoma agrees with the Annelides in the character of its 
intestinal tube. The fore-gut is represented by a long protractile 
proboscis, which leads into a widened mid-gut, from which a narrower 
hind-gut leads to the anus. Branched cseca are distributed through 
the body from either side of the mid-gut. 


Enteric Branchiae. 

§ 133. 

The development of the respiratory function of the enteric tube 
leads to special arrangements in it, which are greatly developed in 
Balanoglossus. The anterior portion of its enteric tube is separated 
by two lateral processes into two semi-canals, which lie one above the 
other, and communicate freely by means of the longitudinal opening 
which lies between the two laterally outstanding^processes. The semi- 
canal, which I regard as the lower one, leads directly to the commence- 
ment of that portion of the enteron which functions exclusively as a 
nutritive canal. The investment of cilia drives the particles of food 
into it ; it has a nutritive function. The semi-canal, however, which 
is placed dorsally, has a respiratory function. There is a branchial 
support in its walls in the form of a delicate framework of chitinous 
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lamdlaB, covered with epitheHum. There are clefts between the 
branchM arches and the several lamellee which go to form them ; 
these lead, on each side, to a series of spiracles, by which they open 
on to the surface of the body. A network of vessels is spread over 
the branchial framework. The water taken in by the mouth streams 
through the superior respiratory semi-canal into this branchial 
apparatus, and passes again to the exterior by the rows of spiracles. 

The hind-gut of many Annelids may be seen to take in water, 
and this may be connected with a respiratory function of this division 
of the intestine. No special organs of respiration have been ob- 
served to be developed in this portion. It is not yet certain 
whether the structures which are found in the hind-gut of Neomenia 
are really branchiae. More exact anatomical knowledge of the pro- 
tractile branchiae of Chaetoderma is necessary before we can say 
what is their morphological signification. 


Accessory Organs of the Alimentary Canal. 

§ 134. 

The enteric canal of the Vermes has glandular organs of various 
kinds connected with it, which are to bo regarded as differentia- 
tions of the enteric wall, that is to say of the ondoderm. Single 
ceUs, or groups of cells, acquire a different character from their 
neighbours, and so give rise to special organs, which are of different 
degrees of individuality, according as their position is on the 
enteric wall, or without it; in the latter case they are connected 
with the lumen of the intestine by ducts. They may further bo 
more exactly classified, according to their relation to the separate 
divisions of the enteron. 

In the fore-gut, close behind the muscular pharynx, small groups 
of unicellular glands open in the rhabdocoelous Turbellaria. In the 
Trematoda similar groups of cells are placed at the anterior end of 
the body, opening near the mouth, and are regarded as pharyngeal 
glands. Glandular organs have been observed in the so-called 
pharynx of the Nematodes, and distinct glandular cells in the oral 
region. 

Among the Annulata the histology of the Hirudinea, especially, 
has been carefully investigated ; in them, a large number of uni- 
cellular glands open into the proboscis, when there is one, or into 
the ]^aw8, when they are present. In the Annelides a pair of lobate 
glandular tubes are found in the last division of the fore-gut, just 
behind its muscular portion in the Nereids and others provided with 
phar^geal jaws (cf. Fig. 65, gV ) ; they are modifications of the 
simpler tubes of the Syllidae. The Rotatoria are provided with 
glandular appendages at the same spot. It is usual to call these 
glan^, which We however various kinds of functional relations, 
•'salivary glands.^^ ' 
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§ 135. 

The glandular organs connected with the mid-gut are ordinarily 
regarded as hepatic, or as a liver.” We must be careful not to attri- 
bute anything more than the value of a convenient distinction to these 
names. Separate glands are almost always absent from the mid-gut 
of the Vermes, but the epithelium is generally found to be different 
from the epithelia of the other divisions of the enteron, so that a 
secretory function is not improbable. This is indicated by the 
granular character of the cells in many cases, and by the difference in 
the coloration of the cell-contents. The latter point is probably more 
important than the former, for the former may be due to the absorbing 
function of the enteric epithelium. The mid-gut of the Bryozoa is 
distinguished by this character, and even in the Rotatoria the epithelial 
layer of this region may be seen to be differentiated. This character 
is more highly developed in the Platyhelminthes (Planariae, many 
Trematoda), in which the stomachal branches (Fig. 68) are the 
chief seat of this peculiarity ; these branches, therefore, may be re- 
garded as secreting appendages. Independent glands are still more 
distinct in the lateral appendages of the mid-gut of Aphrodite 
(Fig. 74), which are developed by the gradual narrowing and 
lengthening of the simpler enteric appendages found in the allies of 
this genus. Finally, we must mention here the tubular enteric 
appendages of Balanoglossus, which beset the whole dorsal surface 
of the enteric canal beyond the respiratory segment, and are 
grouped in agreement with the segments of the body. 


Coelom. 

§ 136. 

The Coelom of the Vermes is the earliest differentiation of a 
hollow cavitary system placed between the enteric tube and the 
integument, and leading to the formation of a vascular system, and 
takes its origin in a cleavage of the mesoderm. The food taken in 
by the enteron is no longer distributed in the organism, as it is in 
the Coelenterata, by continual imbibition into the tissues from the 
wall of the enteron, but the nutrient fluid is collected into a 
perienteric space, where it may enter into relation with organs 
differentiated' from the enteric canal, and from the integument. 

In a large number of Vermes this perienteric space (Coelom) is 
either altogether absent, or only rudimentarily present. This is the 
case in most of the Platyhelminthes and Nemathelminthes, as well 
as in some others, such as Pedicellina. In the land Planarians two 
cavities traversed by a reticulum of connective tissue extend along 
the body ; they are largely broken up anteriorly. They are to be 
regarded as indications of a coelom of this kind. The coelom is 
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well developed in the Rotatoria and in most Annulata. It forms a 
continuous^ and generally a very wide, cavity in the Biyozoa and in 
the Gephyrea. The coelom of the Annulata is arranged in correla- 
tion with the metamerism of the body. Partitions (dissepiments) 
extend from the wall of the body to the enteric tube, and form 
a series of separate chambers, each of which corresponds to one 
segment of the gut, etc.; these characters have been already 
pointed out in the Nemertina. When the dissepiments are 
reduced to single chords the chambers are more or less com- 
pletely fused. In many cases this causes the separate chambers 
to disappear, either along certain tracts, which are generally placed 
in the anterior region, or along the whole length of the body ; and 
a single body-space is formed, which is, genemlly, still traversed by 
remnants of the dissepiments, in the form of filaments or fibrous 
bands. These fibres keep the cnteron in its place, especially when 
it is coiled (cf. Bonellia, Fig. 72, m). 

The perienteric fluid is generally quite clear, and in most 
Vermes contains form-elements, of which there are sometimes a 
large quantity. When there is communication between the vascular 
system and the coelom, the contents of the two spaces are similar in 
character. The movement of the fluid is dependent on the action 
of the body-wall, so that in many, locomotion of the body produces 
at the same time a circulation of the nutrient fluid ; and thus is 
established the lowest form of circulation. 

The coelom communicates with the surrounding medium, the 
water, by means of various arrangements. The excretory apparatus, 
with its internal orifices (cf. § 142), is one, but special openings are 
also known. For example, there is an opening of this kind in the 
Bryozoa, which serves also as the passage for the generative pro- 
ducts, and in the Rotatoria, where the orifice is generally drawn out 
into a tube (siphon : cf. Fig. 81, . 9 ), Similar orifices have been 
observed to be present in the Annelides. 


Vascular System, . 

§137. 

The differentiation of hollow spaces in the mesoderm is the first 
beginning of the formation of a complicated system of canals ; which 
gradually acquire special walls and become blood-vessels. The 
earliest main trunks form long canals, which are first visible in the 
Nemertina. Two (Fig. 76, ll) of the three chief trunks take a lateral 
course ; the third is dorsal and median. In the cephalic region the 
lateral vessel forms several coils, which surround the cerebrum, and 
are connected with the dorsal vessel as well as with one another 
more anteriorly. At the posterior end of the body all three vessels 
are more simply connected. In some genera other vessels are con- 
nected with these three ; five transverse vessels connect the dorsal 
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and the lateral ones at regular distances. In this way the whole 
arrangement is in a way segmented, and corresponds to the meta- 
merism indicated in other organs. 

The canal system which ramifies through the integument of the 
Acanthocephali, and is also united with the canals of the lemnisci 
(p. 174), must not be regarded as a similar system 
of vessels. It is uncertain to what morphological 
group of organs they belong. 

§138. 

The vascular system of the Annulata resembles 
that of the Nemertina in all essential points. In 
almost all there are longitudinal trunks, which 
have a dorsal and ventral, or even a lateral, 
course ; these are connected with one another by 
^transverse anastomoses, and pass into one another 
in the anterior as well as in the posterior region. 

[The dorsal longitudinal vessel, which runs above 
' e enteron, is the most constant in character ; 
jit is always contractile, and the current of blood 
*n it^s driven from behind forwards. It cor- 
•espondsYoTihe dorsal median vessel of the Nemer- 
ina, while the two lateral vessels of the latter 
may correspond to the ventral vessel of the Annu- 
lata. These vessels are not closed in all Annulata, 
but are connected with wider spaces, which repre- 
sent a body-cavity. The vascular system is not 
^completely differentiated in these forms. The 
body-cavity remains in direct connection with 
the vascular system in the Hirudinea, owing to 
the fact that organs which formerly lay in the 
coelom are now enclosed in haemal spaces. There 
are usually three such sinuses. A median one, 
representing the principal portion of the coelom. Fig. 76. Diagram of 
embraces, in Glepsine and Piscicola, the alimentary tho vascular system 
canal and the ventral medulla, and perhaps also 
a portion of the dorsal vessel, except where this trunk. li Lateral 
has, as in Piscicola, a special sinus for itself, vessels. The arrows 
-Two pulsating lateral vessels (Fig. 61, B 1} partly 
communicate with the median sinus, and are blood, 

partly connected to each other by transverse 
anastomoses. In Hirudo and its allies, the median sinus is, at first, 
only present in the region of the head, where it surrounds the oeso- 
phageal ring. It has only a ventral development in the rest of 
the body, where it encloses the ventral medulla (Fig. 61, B n). 
This disappearance of the great sinus is due to the development 
of a fine vascular network in its place, and, like it, is connected 
with the transverse vessels, which unite the longitudinal vessels with 
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one aaother. New longitudinal trunks are formed from the vessels 
distributed to the enteron. While in these forms a complex system 
is produced by the combination of the primitive median tranks ^th 
a system of canals formed from lacunsD of the coelom, the whole 
vascular system may be made simpler by the disappearance of these 
median trunks. This is the case in Nephelis, where there is a wide 

median sinus, and two lateral vessels. i j 

This form of vascular apparatus, developed 
!out of a lacunar system, is limited to the Him- 
dinea, for in the Annelides the vascular system 
is almost always shut off from the coelom. Where 
it is not so, we have to do, not with further 
development, as is the case in the differentia- 
tion of the coelom of the Hirudinea, but with 
degeneration. 

The dorsal vessel lies, as a rule, immediately 
upon the enteric canal, and often appears to be 
embedded in the same glandular layer. In addi- 
tion to anterior and posterior connecting vessels, 
there are lateral vessels which correspond with 
the metameres. They are divided into those which 
directly surround the enteron, and form a capil- 
lary network, often a highly-ramified one, in its 
walls (visceral vessels), and into those which pro- 
ject into the coelom, and run either along its 
walls or its appendages (parietal vessels). In the 
Scoleina the arrangement is generally the same 
throughout the whole body. In many cases the 
transverse vessels, as well as the dorsal longitu- 
dinal trunks, are pulsatile, and one or more pairs 
are considerably widened (Fig. 77, c). In this 
differentiation of a portion of the vascular system 
we see the beginning of the development of a 
central organ of the circulation — a heart. The 
ventral vessel is very seldom contractile. Fresh 
complications in structure are due to the develop- 
ment of fine vascular networks, such as, in Lum- 
bricus for example, are distributed as capillaries 
through the body. Branchiobdella is allied in 
the characters of its vascular system to the simpler conditions found 
in the Scoleina. 

5 189. , / 


Fig. 77. Anterior 
portion of the blood 
vascalar system of 
Ssennris varie- 
gata. d Dorsal ves- 
sel. V Ventral vessel, 
c Heart-like enlarge, 
ment of a transverse 
anastomosis. The 
arrows indicate the 
direction of the cur- 
rent of blood. 


The development of the respiratory organs is of influence in 
producing changes in the distribution and differentiation of the 
blood vascular system. In the Scoleina there are no distinct organs 
of this kind, and either the whole surface of the body, or, by the 
introduction of water into it, the coelom, acquires a respiratory 
function. Consequently we do not see any great variations of the 
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vascular system in various portions of the body, and it is only in 
some which live in the mud of fresh water, and in which the hinder 
part of the body takes a special share in respiration, that the parietal 
vascular coils present any very great development (Lumbriculus). 

Among the Oheetopoda also these simpler relations obtain, but 
the greater differentiation 
of the head, and of the 
fore-gut, is followed by 
some changes in the 
vascular system. When 
branchiae are present the 
parietal vascular system 
is continued into them ; 
in the simplest case a loop 
of the vessel passes into 
the appendage, which has 
the function of a gill. 

Here we have the com- 


and a venous portion. 

This arrangement is re- 
peated when the branchiae are distributed over a large number of 
metameres, as in Eunice and Arenicola. The dorsal trunk gives 
off, in addition to the vessels for the enteron, others which pass 
to the laterally-placed branchiae ; from each of these a vessel passes 
I/O the ventral trunk (Fig. 78). The same characters obtain in the 
Hermellidae, where the branchiae have but a single central cavity, 
and where, therefore, there can be no anatomical separation of the 
efferent and afferent blood. In Arenicola these characters obtain in 
the hinder half only of the body. In the anterior half one branchial 
vessel passes to the chief ventral trunk, and the other to a visceral 
ventral vessel. 

When the respiratory appendages are limited to a smaller portion 
of the body, as is the case in the Tubicolce, there is a corresponding 
increase in the difference between the development of various 
vascular regions. Thus in the Terebellidae (Fig. 79) the dorsal 
vessel (rcZ), above the muscular pharynx, is widened out into a large 
tube, which supplies the branchiae (b?j, and so functions as a 
branchial heart. Afferent vessels pass from the branchiae to 
the ventral vessel. In many the function of a central organ is taken 
on by transverse anastomoses (Scoleina). A vessel of this kind, 
which passes from the ventral to the dorsal vessel, is found even in 
the Terebellidae, where it functions as a part of the cardiac division 
of the dorsal vessel. In Arenicola this vessel is continuous with two 
very wide transverse vessels, which pass to the ventral trunk. 

The arrangement of blood-vessels is constant enough when they 
are not richly distributed ; but this is not the case in those divisions 
in which the enteric- wall and the body-wall are largely provided with 


mencement of the gradual 
separation of an arterial 



Fig. 78. Diagrammatic transverse section throngh 
the hinder half of the body of Arenicola, to show 
the arrangement of the vessels. Dorsal; V 
Ventral side, n Ventral mednlla. i Enteric 
cavity, hr Branchiae, v Ventral vascular trunk. 
ah Branchial vessels, d Dorsal vascular trunk. 
h Branch surrounding the enteric canal, v ' Visceral 
ventral vessel. 
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TM0idar Taaifieaiions. A breaking-np 
tnaasrerse anastomoses in tlie gills, may 



Fig. 79. Vascular system of Terebella nebu- 
losa ; opened from the dorsal surface, t Tentacles 
(not fully drawn), hr Three pairs of branchiro. 
ph Muscular portion of the fore-gut (pharynx). 
V Bnteron. vd Dorsal vessel, vv Ventral vessel 
(after Milne-Edwards). 


such as affects the parietal 
affect also the longitudinal 
trunks, which then take 
the form of a continuous 
network of vessels, from 
which new passages are 
developed. The phesno- 
mena, which give rise to 
a collateral circulation, 
must also furnish us with 
the explanation of these 
relations. Thus in Poly- 
ophthalmus the median 
trunk is broken up along 
the course of the mid-gut. 
Two dorsal and two ven- 
tral trunks arise from 
the anterior and posterior 
simple median vessels 
in the Hermellidae; in 
Eunice the ventral, and 
in Nephthys the dorsal, 
pair are present. 

In some the vascular 
system is atrophied (Gly- 
cera, Capitella). 

A combination of the 
types of the vascular sys- 
tem, which obtain in the 
Annelides and the Ne- 
mertines, can be made 
out in Balanoglossus. 
This consists in the pre- 
sence of both median 
and lateral longitudinal 
trunks, but their visceral 
branches partly function 
as branchial vessels, and 


so give rise to an arrangement which is very different from that of 
the majority of Vermes. 


§ 140 . 


The vascular system of the Gephyrea presents characters which, 
not only in their relations to the circulatory system of other Vermes, 
but even when we compare their various conditions with one 
another, are by no means easy to understand ; at the same time 
there are many important lacunae in our knowledge of the ana- 
tomical facts. The most important of these is the question whether 
there is any connection between the cavities of the vascular system 
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and tlie ccelom ; the only character which points to the existence of 
one is the nature of the perienteric fluid. 

The essential arrangement of the course of the circulation is 
mined by the presence of two longitudinal trunks, which correspond 
to the principm trunks already noted in the Annelides. The yentral 
one runs along the wall of the body, while the dorsal one is attached 
to the enteric canal, and accompanies it^ along its coils and loops. 
The blood-current has the same direction as in the dorsal and 
ventral vessels of the Annelides. 

The two vessels are at their simplest in the young stages of the 
Sipunculides. They appear to be connected with one another 
around the mouth, where they also communicate with, the cavities of 
the tentacles. At the posterior end of the body a number of actively 
contractile C89ca are connected with the dorsal vessel. In Stemaspis 
these C80ca have a special significance, for they are divided into two 
tufts which project to the exterior and serve as branchiae. In the 
Sipunculidae similar, but internal, appendages are distributed along 
the whole dorsal vessel. -The dorsal vessel is coiled in Stemaspis, 
Bonellia, and Echiurus. Where the tentacles are absent it is 
continued into the ventral vessel by a vascular loop which surrounds 
the mouth, and which is sometimes broken up into finer vessels. 
Owing to the formation in the Bonelliae of a large proboscis out of 
the greatly elongated upper lip, the anterior portion of the vascular 
system is very much increased in length. The dorsal vessel is con- 
tinued to the end of the proboscis, and di dded into two branches, 
which pass along its edges and again meet in the body below the 
mouth. In Echiurus this arrangement is wanting, as is the pro- 
boscis. The ventral vessel formed from the union of the two 
vascular loops in Echiurus and Stemaspis, passes backwards, giving 
off numerous lateral branches as it does so. In Bonellia it divides 
shortly after it becomes a single vessel behind the mouth ; but later 
on it again becomes single. It gives off visceral vessels in Echiurus 
and in Bonellia ; these, of which there is a large number in Echiurus, 
run in the mesentery. In Echiurus the most anterior of these 
vessels forms a considerable enlargement on the enteron, whence a 
ventral enteric vessel, and two anastomoses, which embrace the 
enteric tube, are given off to the dorsal vessel. This is clearly a mode 
of connection of the dorsal and ventral vessels similar to that which 
is repeated several times in the segments of an Annelid. In these 
forms the arrangement is limited to, or greatly developed at, one 
point. The variations from the Annelid type are caused by the 
distance of the alimentary canal from the ventral median line, in 
consequence of which the anastomosis is not paired, but arises as a 
single vessel from the ventral trunk. In Bonellia further changes 
are noticeable. The transverse anastomosis to the dorsal trunk 
running along the intestine is developed, on either side, into a 
large tube, from which the dorsal vessel appears to arise anteriorly, 
since its posterior portion is either wanting, or has become very 
small in comparison with the widened anterior part. In this 
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character also distant relations to what obtains in the Ajinelides are 
expressed. The most important difference consists in the limitation 
of the transverse anastomoses, which surround the intestines, to one 
only, which is consequently very much modified. Here, then, again 
the characters exhibited are in correspondence with a rudimentary 
metamerism. More or less extended portions of the vessels serve as 
organs for the movement of the blood, and are very different in 
various genera. 

§ 141 . 

The nutritive fiuid forms the contents of the coelom, as well as 
of the vascular system; its form-elements are generally slightly 
differentiated cells. When the vascular system is marked off from 
the coelom its contents are known as blood. The form-elements in 
many Annelids are colourless. In many Nemertina the blood-cells 
have a red colour (Borlasia) ; the fiuid is coloured in many Annelids, 
and this colour is occasionally green, but more frequently red. In 
several cases the form-elements contain the colouring matter. The 
plasma also may be definitely coloured, as, for example, in the 
Lumbricidae. When the vascular system is separate, the contents 
of the body-cavity are generally indifferent ; we then find a peri- 
visceral fluid (known also as chyle) in addition to the blood ; this is 
always uncoloured. When the vascular system is atrophied, the 
fluid filling the coelom is frequently of a red colour (Glyceridae), like 
the blood of other forms. 


Excretory Organs. 

§ 142 . 

It is quite uncertain what is the functional significance of a very 
large number of organs comprised under this head ; of others, how- 
ever, it is certain that their secretion is essentially similar to that of 
the renal organs of higher animals. But they all have a number 
of common relations to the organism, which are of weight, although 
the organs are so differently connected that it is impossible to 
completely prove their homology. 

In its more developed forms the excretory apparatus is a system 
of simple or branched canals, which opens to the exterior on the 
surface of the body, and is provided with internal orifices when a 
coelom is distinctly differentiated; when it is not, the ends of the 
tubes, or the finest branches of the canals, are closed. When the 
body is not segmented there is a single pair of these organs ; when 
metameres are formed this system is segmented. The indifferent 
condition of the excretory organs is represented by a pair of 
caecal tubes, differentiated from the integument, and therefore 
derived from the ectoderm. Organs of this kind, which open behind 
the head, are known in the Nemertina, but the canal system said to 



be continued from them reqmrei to be mow cloadTfli^^ Ke 

relations of the canals, which aw known aa the imte va^ 
system, are more exactly known m most Platyhelmmthes. They 
have not been observed in the land Flanarians. In the Trematc^, 
and many Tnrbellaria, two excretory canals, one on each side, 
ramify in the body; the chief trunks giving off fine branches 
which traverse its parenchyma (Pig. 8(^, A B). Long cilia are 



Fig. 80. Diagram of the excretory organs of Platyhelminthes, Bbowing the 
different forms, which may be derived from one another. 


distributed on tlie walls of the fine canals. The principal trunks, 
which are as a rule somewhat enlarged, still open in many 
forms in the anterior region of the body (Fig. 80, A) (Tristoma 
papillosum). The orifice (porus excretorius) is most commonly 
placed towards the posterior region (D)j where the two vascular 
trunks approximate and unite at a common orifice. In this way a 
terminal tract, common to both canals, is formed. This tract, which 
is generally enlarged, has the form of a contractile vesicle (F). 
Vesicles of this kind may be formed even on trunks which open 
separately. They form a third division of the apparatus. 

In the Cestoda, the fusion of the excretory canals into a single 
porus excretorius, placed at the end of the scolex-body, which in the 
other Platyhelminthes is only an acquired character, has apparently 
become typical. A contractile vesicle generally forms the point of 
union. There are generally a larger number of principal trunks — that 
is four, six, or eight — which either unite with one another by loops 
in the head, or merely curve round it, and passing backwards branch 
again ; in this case their more special characters are similar to what 
are found in other Platyhelminthes. When the scolex-form is 
divided into metameres, the terminal portion of this canal system is 
apportioned to the oldest proglottid, and the succeeding proglottides 
contain portions of the canals. At the termination of the metameres 
the longitudinal trunks are, in many forms, united by a circular 
canal. As the proglottides break off, a new porus excretorius must 
be formed every time. 

That part of these organs, which is formed of the finest canals, 
contains a clear fluid only. In the Tape- Worms, on the other 
hand, there are calcareous concretions at the enlarged points, which 
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appeftr to be excretory products. In the Trematoda these con- 
cretions are collected into the large trunks, which contract and 
drive them into the terminal vesicle, whence they are evacuated by 

the poms excretorius. - ^ i 

An anastomosis of the finest ramifications of the canals may be 
often made out in the Cestoda, as well as in the Trematoda (Distoma 
dimorphum), and may even affect the larger vessels, which either 
become connected in a simple manner (into a ring in Distoma 
rhachiseum, and into regularly succeeding transverse canals m many 
Cestoda ) ; or become converted into a rich meshwork, in which the 
chief tmnks disappear. . 

The excretory organs in the Nemathelminthes, which again may 
be derived from a caccal tube, are simpler in character. They form 
tubes or canals, which pass along the body embedded in the lateral 
arese (Fig. 61, A r). Near the fore-gut the canals of either side bend 
towards one another, and unite into a common portion of varying 
length, which opens to the exterior by a pore in the ventral lino. 
Sometimes these canals are coiled, and they vary greatly in the 
way in which they are connected with the pore. In the Gordiacea 

this apparatus appears to be rudimen- 
tary, for in Mermis it is simply repre- 
sented by a row of cells, and Gordius, 
in which there are no lateral tracts, has 
no distinct organ of this kind. 

It is doubtful whether the organs 
found in the anterior region of the body 
in the Acanthocephali, which are known 
as lemnisci,^^ belong to the excretory 
system or not. They form two longisli 
lamellse, without a lumen, which are 
processes of the body- wall, and like it 
are provided with branches of canals, 
between which dark granular masses 



occur. 


§ 143. 


When a ccolom is formed, the cha- 
racters of the excretory organs are so 
far altered that the canals communi- 
cate with it by internal ciliated orifices. 
This new condition must be regarded 
as nothing more than a modification of 
the blindly-ending canal system, as it 
has been already described in the Pla- 
tyhelminthes. Internal openings have 
been observed in the larvae of Trema- 
toda. They characterise also the ex- 
cretory canal system of the Rotatoria, which is disposed in just the 
same way as in the Trematoda. The canal system, which lies in the 




Fig. 81. Organisation of a 
Bradiionns. a Ciliated cephalic 
disc. 8 Siphon, m Masticatory 
organs, e Glandular layer in the 
« riwfwnr uterus, 
coni^iniDg an egg. SggSi 
attached to the root of the tail. 
c Excretory canals, v Contractile 
terminal vesicle. 
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ocelom, or projects into it from the wall of the body, is composed of 
two trunks (Fig. 81, c), which in many forms open by lateral branches 
into the coelom (species of Notommata). The two principal canals, 
which are often much coiled, either unite at the cloaca, and open by 
it to the exterior, or they pass into a contractile vesicle (v), which 
must be regarded as a differentiation of the common terminal portion 
of the two canals. The internal openings, as well as the lumen of 
the two chief trunks, are here and there provided with flageUiform 
cilia, which produce a trembling movement. The walls themselves 
may be seen to be glandular in character, either along the whole 
length of the canal, or in certain portions only of it. In this last 
point a further development of the simpler characters found in 
the Platyhelminthes ought very probably to bo recognised, which 
points to a closer relationship with the Annelida. 

Echinoderes also possesses two coiled excretory tubes, but they 
appear to open separately in the anterior region of the body. 

§ 144. 

In the Gephyrea we have to distinguish two kinds of excretory 
organs. 

The first of these is an indication of the connection between the 
Gephyrea, and lower stages, for it is 
correlated with the undeveloped — or if 
developed, developed only externally — 
metamerism of the body. These organs 
are formed by tubes which open into 
the termination of the enteric canal 
(Fig. 72, g)y and are provided — at any 
rate in the cases where they are most 
exactly known (Bonellia) — with nu- 
merous ciliated funnels, which open 
into the coelom (Fig. 82, a). In other 
cases the branches with internal open- 
ings seem to be wanting (Echiurus), 
and in others, again, the degeneration 
is complete. As similar characters may 
be seen in the Echinoderma, the form 
of excretory organ, which obtains in 
the Gephyrea, appears to be common 
to a large circle, and referable to a 
single typical form, whence it has been 
transmitted to the Echinoderma, as well 
as to the Gephyrea. Variety in the 
function of this organ may be inferred 
from its structure. The excretory 
function is certain only in Bonellia, where the walls of its branches 
have a glandular character. 

The other form consists of paired tubes, opening on the ventral 
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surface, which may be derived from the paired organs of similar 
form in the Annelides. There is either a single pair (Sipunculus), 
or a few pairs (Thalassema, Stemaspis, Echiurus), in correspon- 
dence with the slight development of metamerism. Internal open- 
ings into the body-cavity lie close to the insertion of the tubes 
into the body- wall, and in several are of service in the generative 
function, acting as the ducts for the generative products. The 
greater part of the tube, that is the caecal portion, which lies 
behind the internal orifice, appears to have an excretory function in 
the Sipunculid86, and as a rule, is distinguished by its brown colour. In 
others the whole tube serves merely as a duct for the generative 
system. In most Gephyrea these organs have each and all similar 
functions, but in some cases there is a division of labour (Sternaspis), 
the posterior pair of tubes being in connection with the generative, 
and the anterior with the excretory, function ; so that the difference 
of function which appears in different genera, is here expressed in 
the same individual. 


§ 145. 


So far as the structure of the excretory organs is concerned, few 
fresh characters appear in the Annulata. The organs correspond 
to the metamerism of the body, for they are regularly distributed on 
either side of almost every one of its segments. They have therefore, 
though with but little reason, been called segmental organs a 
name which is just as suitable for many other organs. Each of 
them consists of a closely-coiled or loop-like canal (looped canals), 

which has an internal opening, often peculiar 
in form and always ciliated, and which at 
the other end opens on to the surface of 
the body. This canal is sometimes similar 
in character throughout its whole length, 
or but slightly differentiated; frequently 
several segments may be made out in it, 
which generally correspond with those 
already described in the Platyhelminthes 
and Rotatoria. The innermost portion, 
on which the opening into the coelom is 
placed, is ordinarily the longest ; it is dis- 
tinguished by its funnel-like or rosctte- 
s^ped orifice (Fig. 83). In the next por- 
tion the walls may be seen to be glandular 
in structure. The last portion, which is 
frequently widened, is provided with a 
layer of muscle ; it almost always opens 
on to the ventral surface. These organs 
are no more purely excretory in function than they are in other 
Vermes, for we not unfrequently find them entrusted with other 
functions. 



Fig. 83. Internal opening of 
a looped canal of Bran- 
chiobdella. 
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In the Hirudinea these organs are preceded, in the embryonic 
stage, by three pairs of looped canals, which are not connected with 
those formed at a later stage ; they are found in the posterior half of 
the ventral surface. In structure they are similar to, but simpler than 
the permanent canals, and disappear after these are developed. This 
most important fact shows that the looped canals of the Annulata 
cannot be regarded as the direct homologues of the excretory organs 
of the lower Vermes ; at the same time arises the question : Are the 
looped canals of those Annulata, which show no signs of primitive 
organs of this kind, comparable to the permanent looped canals of 
the Hirudinea, or only to the primitive ones ? 

In their more special characters there is great variety among the 
Hirudinea, the canals in one division having no inner opening. 
Instead of this they begin with a closed portion, of the form of a 
loop, which consists of numerous canals, united with one another into 
a labyrinth (Hirudo). From these looped organs a single canal is 
given ofip, which opens by a vesicular enlargement on the surface of the 
body (v. supra, Fig. 61, B). In others (Olepsine, Nephelis) the 
labyrinthine portion is present, but it has an internal opening, which 
projects into the lateral blood sinuses of the body. 

The division of the Limicolae is remarkable among the Scoleina, 
because of the two different conditions of its looped canals. Usually 
the canal is much-coiled, and the greater part of it is embedded 
in a common mass of cells, and has much the same calibre throughout 
its course. The canals always break through the dissepiment in front 
of them by the end which carries the internal orifice, so that each pair 
of looped canals is connected with two segments of the body. The 
portion which leads to the exterior lies in one, the internal orifice in the 
other. This form, which is distributed in much the same way through 
the greater number of the segments, is wanting in the tracts 
occupied by the generative system. In place of the simple looped 
canals we there find organs of greater complexity, and proportionately 
much more developed ; in structure they resemble the others, but 
they function as organs for the excretion of the sperm ; looped 
canals are converted into seminal ducts. The same thing happens 
in Branchiobdella. 

In the Lumbricidae there are none of these physiological changes. 
But the apparatus is greatly complicated by the marked development 
of its separate divisions, as well as by the arrangement of the loops. 
Each canal forms several ascending and descending loops, closely 
connected with one another, and surrounded by a rich network of 
blood-vessels. The different portions have different significations. 
The innermost portion carries the funnel-like opening (Fig. 84, a), 
and is followed by a part {b b b) which has transparent walls, and is 
provided with cilia at various points. After forming several loops, 
this portion passes, by a change in its walls, into another portion, 
the lumen of which is widened (d!), and surrounded by cell^ with 
finely granular contents. This portion also has a looped counKl^ {d '), 
and passes into a wider part, which is provided with muscular 
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walls (p ) ; this, after a simple course, passes to the body- wall (e % 
where it finds its opening. 

In the Cha9topoda simple forms of looped canals are most 
* common, the separate canals in them 

forming sometimes coiled bodies, 
and sometimes presenting a very 
few coils. The funnel-like internal 
opening, which has been recognised 
in many, has in some (Alciopa) just 
the same relations to the septa of 
the coelom as it has in the Scoleina. 
In many of them the relation to tho 
generative system can be similarly 
recognised. 

In addition to the more secon- 
dary relations which the looped 
canals of the Annelides have to the 
generative system, either at certain 
points only, or for a greater dis- 
tance, their relation to the excre- 
tion, as well as to the introduction or 
expulsion, of water must bo borne in 
mind. That these organs have a close 
relation to the function of excretion 
is shown by the glandular investment 
of their walls, and the glands which 
open directly into them. They, in 
fact, resemble the chief trunks of the 
excretory organs of the Trematoda. 
A relation between the perienteric 
fluid and the surrounding medium, 
either by the outflow of the former, 
or the entrance of the latter, is 
rendered possible by the internal 
opening of the looped canal. From 
the direction of the ciliary move- 
ment in the canals, and at their 
internal orifices, which is in nearly 
all cases towards the exterior, it is probable that solids also may 
be moved in this direction. Further investigation, however, is 
necessary in order to confirm this supposition. 



Fig. 84. A looped canal of Lum- 
briciiB — not too highly magnified, 
a Internal opening, hbb Clear 
portion of the canal, arranged in two 
double loops, cc Narrower portion 
with glandular walls, d Widened 
portion, which becomes narrower at 
d'f and at d" is continued into the 
muscular portion, e. e' External 
opening. 


Generative Organs. 

§ 146 . 

We meet with a larger number of intermediate steps in the 
sexual differentiation of the Vermes than in that of any other 
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ment is not unfrequently connected with great complications in 
comparison with which the arrangements seen in dioecious Vermes 
are very simple. 

The simplest state is seen in the Bryozoa, the generative pro- 
ducts of which are developed either on the inner face of the body- 
wall from simple aggregations of cells, which give rise to seminal 
elements or to ova ; or they arise on a chord which extends from the 
enteric canal to the inner wall of the body (funiculus) (Pig. 71, 7i), 
The mature generative products pass into the coelom, and are 
thence passed out into the surrounding water by the orifice of 
communication mentioned above. The two sexes are ordinarily 
united in the same individual, the male and female germinal glands 
being separate. 

In all phylactoloematous fresh-water Bryozoa, special bodies, 
(statoblasts) formed of an aggregation of cells, are developed in the 
body- wall, at the points where the ova are formed ; these break off, 
just like the ova, and form free-living buds. Various differentiations 
give rise to complicated shell-structures around them. 

§ 147. 

Hermaphroditism obtains also in the Platyholminthes generally 
(Turbellaria, Trematoda, Cestoda). The two groups of sexual 
organs are, as a rule, united at a common orifice, being other- 
wise separated from one another, and embedded in the paren- 
chyma of the body. The secreting glands (testis and ovary) are 
generally small and simple in character. The excretory duct 
and the glandular organs connected with them, as well as the 
diverticula, or pouch-like appendages of the former, which act as 
places for the development of the fertilised ovum, or as receptacles 
for the semen, take by far the greatest share in the complication of 
the apparatus. 

As to the male organs, the testes vary in number, and are 
generally indistinctly marked-off spots for the formation of tho 
semen, which reaches the common duct by narrow seminal ducts. 
A widened portion of the former has the function of a seminal 
vesicle, and its end is converted into a protractile organ, which 
serves as a penis. 

The ovary forms the most important part of the female organs. 
An organ, generally widely branched, is connected with its ducts — the 
yelk - gland ; in the lobules of this gland cells are produced. The cells 
of this gland are used in building up the embryo, a number of them 
together with the egg-cell forming the egg. The origin of the yelk- 
gland is probably to be found in the division of labour of a primi- 
tively very large ovary, a portion only of which has continued as 
ovary, wlule the cells of the other parts have ceased to be ovarian 
germs, but becoming surrounded by the products of the fission of 
the egg-cells, are taken into the future body of the embryo. The 
oviducts and the ducts of the yelk-gland unite in a canal of varying 

wlnVh nnpnrdiTinr f.n the Tmmbpr nf pn^nra fn bp dp-w^lnn'^d 
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either extraordinarily long, or short and simple, or provided with 
diverticula. These cavities are known as uteri ; for in them the egg 
is not only enclosed in its shell, but as a rule passes through the 
early stages of embryonic development. A diverticulum of the 
female excretory duct, which has generally the form of a stalked 
vesicle, receives the sperm during copulation. In some cases there 
is a second diverticulum also ; it serves apparently for the reception 
of the male organ (Bursa copiilatrix). 

The most important complications of this system are seen in the 
parasitic Platyhelminthes. The preservation of the species is here 
subject to innmnerable difficulties, owing to the animal living in 
different hosts at different stages of development, and to the 
wanderings which this mode of life entails ; consequently a large 
number of ova have to be produced, and the certainty of fecundation 
insured. 

§ 148. 

The more special characters of this generative system exhibit 
extraordinary variation. The male portion 
has, in most Turbellaria rhabdocoela, the 
form of two elongated testicular tubes, from 
each of which a vas deferens is given off 
(Fig. 85, /). In the Trematoda, also, the 
testicles are, as a rule, but few, and rounded 
or lobate ; these are represented in the Tur- 
bellaria dendrocoela, as well as in several 
rhabdocoela (Macrostoma), and Cestoda by 
a number, and often a very large number, 
of small follicles, scattered in the parenchyma 
of the body (Fig. 86, t ) ; these are connected 
together by long efferent ducts. They may 
form a single row on either side (land Pla- 
narians). The excretory ducts either form a 
common vas deferens, or each passes sepa- 
rately to a terminal portion, which is con- 
tinued into the copulatory organ. The 
common excretory duct forms the seminal 
vesicle, or, as happens in a few cases, it is 
formed by enlargements of the separate vasa 
deferentia. The copulatory organ (Fig. 85, 
p ; Fig. 87, p ') is generally large and mus- 
cular, and the seminal vesicle often appears 
to be an appendage of it. It lies in a special 
cavity leading to the genital pore (penial 
sheath in Planaria, bag of the cirrus in 
Cestoda [Fig. 86, cl] and Trematoda) ; glands 
are sometimes connected with it (Planaria). 
The copulatory organ is, as a rule, protractile, or can be everted, 
whereupon certain spines or hooks which lie on its inner surface. 



Fig. 85. Generative 
system of Vortex 
viridis. tt Testes, vd 
Vasa deferentia. vs Se* 
minal vesicle, p Pro- 
tractile organ of copula- 
tion. 00 Ovaries. gv 
Yolk-glands, rs Beoep- 
iacnlnm seminis. v Va- 
gina. u Uterus (after 
M. Bcholtze). 
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in its retracted state come to lie on its outer surface. Most Platy- 
helminthes, except the Planarise, have the penis thus armed; it 
appears to be connected ct/~\ 

with a more intimate copu- / ^ ^ 

lation. • * • y ^ 

There are greater varia- # • ►* 

tions in the female appa- [• 

ratus. The ovaries are, as ^ W 
a rule, one or two elongated ^ ^ 

tubes of no great size (Fig. 

85, o\ 87, ov)y in which the 

ovarian germs are formed. g. ► ^ 

Where a single oviduct is 

present it becomes con- ^ 

nected with accessory parts ^ w 

as it passes to the genera- ' ^ 

tive pore, and varies in i’ <^{^1 

length. Several such may ^ 

unite together and form a " — y/ 

common oviduct. In most pig, §0. Male apparatus, with parts of the 

Rhabdocoela, as in the Oes- female, of Bothryocephalus latus (after 

toda (Fig. 87, od) and Tre- I^andois and Sommer), a Testicular follicles: 

j °i j /• *1 part only are represented, ve Their excretory 

matoda, the duct is single, ducts, vd Vas deferens, c Cirrus, cl Bag of 
though the ovaries are cirrus. Other letters as in Fig. 87. 

double. It is shortest in 

the Rhabdocoela, where, as in most of the Cestoda, it has an enlarged 
portion, which is clearly a receptaculum seminis. This organ 
appears as a unilateral diverticulum of the oviduct, and gradually 
becomes distinct. It is still more well-marked when it is attached 


to the base, or along the course of the oviduct (Fig. 85, r s), in the 
form of a stalked appendage. The Planarians have a double ovi- 
duct ; as a rule, a short portion only is common to both ducts, and 
functions as uterus or vagina. The oviducts are of some length in 
the land Planarians, the ovaries of which lie in the most anterior 
parts of the body. They may be provided with short lateral branches 
along their course, which open into lacunar spaces of the coelom 
(Bipalium). This peculiar character raises the question as to 
whether these ciliated oviducts are parts of another system of 
organs; for there is no reason for supposing that ovarian tubes 
have degenerated so as to form these backwardly-directed lateral 
branches. Their open mouths forbid us to suppose that there 
has been any such process. These mouths, indeed, point to an excre- 
tory organ having here entered into the service of the generative 
function. 


When yelk -glands are connected with the ovary they appear 
as two or more arborescent, ramified, or lobate organs (Fig. 73, gv), 
and are often widely spread out through the parenchyma of the 
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body (Pig. 87 f d). Their excretory ducts come together from all 
sides and form with the oviduct a single common portion {d'). 

Special portions of the oviduct function as a Uterus, by which 
name parts, very different morphologically, are known. In general 

three different kinds of such 
uterine organs can be made 
out in connection with the 
oviduct. In the first the 
oviduct itself is used for this 
purpose ; and then it is not 
only widened, but also greatly 
elongated, so that it has the 
form of a coiled tube, which 
traverses the body several 
times. This arrangement is 
found in the Trematoda, and 
also among the Cestoda (Trice- 
nophorus, Ligula, Bothryo- 
cephalus) (Pig. 87, it). A 
second form is represented 
by lateral diverticula, or 
pouch-like appendages on 
the course of the oviduct; 
this is found in a few Ehab- 
docoela and, in a more com- 
plicated form, in most Tape- 
Worms. In the Taeniadm a 
tube passes from the duct, 
near the opening of the 
yelk-gland, along the middle 
line of a sexually-mature proglottis, and forms, according to the 
quantity of ova in it, a number of arborescent branches. Finally, 
a third kind is formed by appendages, which are found only on the 
end of the oviduct, or rather in the vestibule common to the organs 
of both sexes, and close to the genital pore. This occurs in most 
Turbellaria (Fig. 85, ii) ; in the Rhabdocoela there are, as a rule, 
two such uterine pouches, which are considerably distended, and 
which may be branched, if they have to serve for the reception of 
a large number of ova. In the Dendrocoela there is either only one 
such uterus, opening into the vestibule, which in them is greatly 
distended ; or it is altogether wanting, when the two oviducts take 
on its function (Leptoplana). The size and the number of the ova, 
which become mature and get their envelope at one time, is always 
in close connection with the condition of the organ which acts as 
uterus. 



Fig, 87. Generative organs of Bothryo 
cephaluB latns (after Landois and Sommer). 
Female portion of the system, v Vaginal canal. 
v’ Its mouth, u Uterus (with ova), u' Its 
mouth, ov Ovary, od Oviduct, gl Shell- 
glands. cl Yelk-glands (part only is shown). 
d ' Duct of yelk-gland, e Vascular trunks. 


A terminal portion of the oviduct is likewise frequently differ- 
entiated into a special canal, known as the vagina in some 
cases this is further provided with an appendage which has the 
function of a bursa copulatrix.^' 
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A large number of unicellular glands are attached to the point 
where the ducts of the yelk-gland and the oviduct unite, in Trema- 
toda (Distoma, Polystomum, Amphistoma) and Cestoda (Bothryo- 
cephalus, Tmnia). This group of glands is known as the shell-gland, 
and its secretion serves to form the investment of the ova (Fig. 87, gl). 
In addition there is in the Bothryocephali and many Trematoda a 
special canal at this point, which opens either into the sinus genitalis, 
as in the former, or on the dorsal surface of the body, as in Distoma 
hepaticum : it evidently functions as a vagina, as it has been found 
full of sperm (Fig. 87, t;). This second communication between the 
female organs and the exterior makes it possible for impregnation 
to take place without interfering with the gradual evacuation and 
deposition of the ova. In this double opening of the female organs 
we may perceive an indication of the primitive double nature of 
the whole system. 

The influence of a change in the external conditions of life upon 
the genital apparatus in the case of Polystomum (P. integerrimum) 
furnishes an instructive example of the capacity for adaptation of 
an organ in full function, and therefore presumably mature. 
The change is one of abode, and results in an increased pro- 
duction of generative matters, and the correlative appearance of new 
parts in the generative apparatus, 

§ 150. 

We know as yet very little as to the way in which the herma- 
phrodite apparatus acts in copulation. In many cases there arc 
arrangements favourable to self-impregnation. 

The genital pores differ in position in the various divisions of 
the Platyhelminthes. In most cases the generative organs open in 
the ventral median line, sometimes very far forwards, just behind 
the oral sucker, as in many Trematoda (Distoma, Gyrodactylus, etc.), 
and sometimes nearer the hinder end of the body (Turbellaria), or 
even quite at that end (Distoma macrostomum). Among the Cestoda 
also the ventral position is not uncommon (Ligula, Bothryo- 
cephalus) ; in most cases the genital pore is a flattened depression 
on the lateral edge of the proglottides, placed alternately on one 
and the other lateral edge. The fact, that in some Cestoda (Tsenia 
elliptica, T, cucumerina) there are two symmetrically-disposed gene- 
rative systems in each proglottid, is important as bearing on the 
meaning of this want of symmetry, which obtains even in some Trema- 
toda (Tristoma). The unilateral condition may be regarded as the 
remains of a primitively double arrangement; it was, then, only 
gradually that the system of one side got to predominate over the 
other, and led to that relation of parts which is now the most widely 
distributed — the unilateral development of the generative system. 

There is, with but few exceptions, only a single genital pore 
in the rhabdocoelous Turbellaria, the male and female organs 
both leading to it. In the dendroccelous forms the orifices become 
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separated, owing to the development of a vestibule. In most 
of the marine Planaria they are completely separated, and there 
is a double genital pore, the male one lying in front of the female. 
In most of the Trematoda, too, the openings of the genital organs 
are distinct, although placed close to one another. The same 
arrangement is seen in the Gestoda. Even in those cases where the 
bag of the cirrus and the vagina open into a genital pore, this latter is 
only a flat pit, walled in by the integument. In other oases the two 
pores open directly on to the surface, though close together. Or 
we have the noteworthy provision of a second female opening, with a 
vaginal duct, as already described. Finally, the two apertures may be 
stiU more separated, the male organ opening on the lateral edge, and 
the female on the surface of the proglottid. 

The two kinds of organs are sometimes unequally developed in one 
and the §ame individual ; in the Rhabdoccela especially the sexes are 
separated, the two organs being uneq^ual in different individuals; in 
one the female, and in another the male organs are most developed, 
while the organs of the other sex remain rudimentary (Convoluta). 
These important examples show us how, by the continued atrophy of 
one organ, dioecious forms are derived from hermaphrodite organisms. 
The process here observed in statu nascenti is complete in other 

Turbellaria. The Microstomeae have the 
sexes separate, as have also some Planariae 
and Trematoda. The generative system 
is simplified in the Nemertina, which are 
almost always dioecious. The various 
divisions of the excretory ducts and of 
the accessory organs are absent. The 
testes and ovaries are the only parts which 
are distinctly recognisable. In some (Pro- 
rhjnchus) these organs occur singly in each 
individual (Fig. 67, ov), and so call to mind 
the rhabdocoelous Turbellaria. In others, 
however, there is a large number of fol- 
licles on either side of the enteric canal; 
they have no direct connection with one 
another, and being arranged regularly in 
pairs along the body are evidence of meta* 
merism, 

§ 151. 

In the Nematodes hermaphroditism is 
a rare exception. As a rule the sexes are 
separate. Both kinds of organs consist of 
coides. or Ovaries, do Ovi- pnoes . embeadea m the coelom and open- 
duc5t. at uterus, r Vagina, ing on to the surface. The organs of the 
nr. • . T . female system are very generally paired. 

1 Jus IS less common in the case of the male organs. The double 
opemng observed in some few cases also speaks to the primitively 
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double character of these parts. But this would also be the result if 
the two tubes were separated from one another in adaptation to the 
elongated form of the body. The blind terminal 
portion of the generative tubes serves as an ovary 
or testis, the remaining portion as an efferent organ, ^ 
adapted to different arrangements in different parts, uf / 

and variously differentiated. r. _ 

The male generative tube is a simple one, open- ■ 
ing on the ventral face of the hind-gut ; in the larger 
species it is several times coiled. It is only by its 
epithelial investment that the terminal portion, 
which is generally of some length, is distinguished 
from the excretory duct, and seen to be a testis ; a 
widened portion, or seminal vesicle of the ductus 
ejaculatorius, is sometimes added to the duct. Two 
fine, and sometimes very long, chitinous rods 
(spicula) are developed in the cloacal portion of the 
hind-gut, and serve as copulatory organs. 

The female generative tubes are, as a rule, 
double, and are either separate, except at their 
orifice, or have their terminal portions united into 
a common tract. The tubes are more or less 
coiled, according to their length. The terminal | 

portion is to be regarded as an ovary (Fig. 88, ov), II 

from which a portion which is ordinarily widei* leads 3 W 

into a canal known as the uterus (t^), and this opens la I || 

by a narrow vagina. The female generative pore ™|\|| 
is always ventral in position, in front of the anus, Ij J® 

and generally about the middle of the long axis of /i® 

the body. The increase in number of the female 
generative tubes to five, with the atrophy of one 
of the two primitive ones, gives rise to changes in 
the form of the apparatus : this is more marked | f 

when particular regions are specially differentiated. ^ ^ 

The same thing happens to the male organs. In ^ 

some cases the terminal portion of the ovary func- 
tions as a yelk-gland (Leptodera). 

Mermis, at any rate, among the Gordiacea, re- 
sembles the other Nematodes in the characters of 
its generative organs. In Gordius the excretory 
ducts of the paired germ-glands are, in both sexes, 39^ A Sa- 
united with the hind-gut. This happens in male gitta with its 
Nematodes only. g^erative organs. 

In the Chsstognathi (Sagitta) the arrangement ^senSnalveirioles! 
is somewhat different ; owing to their hermaphro- i Enteron. p Fins! 
ditism, and the way in which the organs are dis- 
posed, we cannot compare them very closely with other divisions. 
The male and female generative glands lie at the sides of the pos- 
terior ends of the body ; the testes lie behind the ovaries, and 




Fig. 89 . A Sa- 
gitta with its 
generative organs. 

0 Ovary, t Testes. 
s Seminal vesioles. 

1 Enteron. pFins. 
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Dcdupy the extreme end of the body. Each opens into a short 
excretory duct, which is directed forwards, and is continued for 
some distance on the surface of the body ; it is 
often found distended with spermatozoa, and so 
functions as a seminal vesicle. According to 
the extent to which their contents are developed 
the ovaries project more or less into the ccelom. 
They pass from before backwards, and open to 
the exterior by a short and projecting tube, with 
which a receptaculum seminis, placed beside the 
ovary, is connected, 

§ 152 . 

The generative organs of the Acanthocephali 
are very peculiar, a higher stage of development 
being implied by the separation in them of the 
sexes. A chord (ligamentum suspensorium) tra- 
versing the anenterous coelom carries seminal 
organs in the male, and ovarian organs in the 
female. The testes are two rounded glands, 
which lie one above the other; a vas deferens 
passes ofE from each of them to the posterior end 
of the body, where it opens, in company with a 
number of tubular glands, into the copulatory 
organ. This consists of a sucker-like structure, 
in the centre of which lies a conical process — 
the true penis. This apparatus can be protracted 
and retracted. In copulation it embraces the 
similarly-shaped posterior end of the female^s 
body. The ova are developed in an ovary (r>) 
which accompanies the chord-like axis (Fig. 90, s), 
and is either placed on, or is partly enclosed by, 
it. The ova escape into the coelom, and are 
Fig. 90. Posterior taken Up by the mouth of a wide bell-shaped 
generative organs of ^^gan {g), which projects inwards from the hinder 
Echinorhynchus. end of the body, and leads into the short uterus, 

0 Ovary, s Ligamen- -which opens externally by a narrow vagina, 
turn BUBpensonum. * ^ o 

g Belhshaped organ. 

f FuhneL Terminal ^ 153. 

portion of the ovi- 
duct. The arrows In the arrangement of their generative organs 

Uke^^by the ova^^ Hfrudinea closely resemble the Platyhelmin- 
they pass to the ’ex- thes, and especially the Trematoda and Turbel- 
terior (after Greeff). laria dendrocoela. This does not apply only to 
their hermaphroditism, but to the double cha- 
r^ter of their germ-glands, which are ordinarily arranged symmet- 
rically i and also to the position of the orifice of the whole system, 
which is placed in the ventral median line. The position of the 
male genital pore in front of the female is a repetition of the 
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arrangement which obtains in the marine Planarians. There is 
always a larger number of germ-glands (5-12 pairs ; f) for the male 
organ (Fig. 91) ; they correspond to a number of metameres, are 
rounded bodies, and are arranged serially on either 
side. A duct leads from each to a laterally-placed 
vas deferens {vd), which widens internally, and be- 
comes much coiled in front of the first pair of 
testes {vs). From this coiled portion a terminal 
piece, accompanied by its fellow of the opposite 
side, passes to the genital pore. A large number 
of glandular tubes {g) join the united efferent ducts, 
and not unfrequently form, as in the Planariae, a 
large mass of acini (Clepsine). Either the two 
terminal tracts of the vas deferens function as copu- 
latory organs, and, together with a portion of the 
gland which surrounds them, project from the body 
in the form of a vesicle (Clepsine, Piscicola) ; or 
there is a special copulatory organ, which receives 
the ends of the seminal vesicle. In this case (San- 
guisuga, HeBmopis, etc.) the portion formed by the 
union of the two seminal ducts is developed into 
a strong muscular organ (p), the thinner end of oVgan^^of'^a 

which forms a short penis. As in the Planariae Leeoh.^t Testes, 
and Trematoda, this lies in a penial pouch, which vd Yas deferens 
opens at the genital pore, and from which it can 
be protruded during copulation. nal ^ct, analogous 

The female organs, also, of the Hirudinea re- toaseminalvesicle. 
semble in many points the organs of several Pla- P 9 Gia^s. 
tyhelminthes (marine Planariea), The ovaries, which ^ ^ 

in the latter are scattered through the body, are 
here formed by two rounded, tubular, or lobate organs (o), which 
lie near the middle line of the body, just behind the male efferent 
organs. In some they open, merely by a short oviduct, at the 
female genital pore (Leeches with a proboscis). In others the 
efferent ducts are separated. The narrow oviducts give rise to a 
longer common tract (Hirudo). The common duct, the several coils 
of which are held together by a glandular layer, then widens into 
a vagina at the terminal portion of the efferent duct (ir)* 

§ 154 

In the Scoleina the organs lie in the anterior metameres, generaUy 
occupying the tract between the eighth and fifteenth. Two different 
types of the sexual apparatus are to be distinguished. One is well 
marked in the TerricoleB, and is characterised by the independence 
of the efferent organs. The male part of the system in the Lum- 
bricidsB is formed by two pairs of testes, which are connected with 
wide sacs, in which the elements of the semen are further developed. 




188 


COMPAJRATIVE ANATOMY. 


Eaoli pair of testes lias a seminal vesicle of this kind (Fig. 92, s *8 ' '), 
which is pl^ed across the middle line, and is further provided with 
^ lateral diverticula. 

/ , a\ -\ these, 

n / ■ ■■.. -7) -.j — j j \ two funnel-shaped 

jj - / — ! Y A organs are placed, 

j \ wfich are continued 

]t( cC{1K])i> \ laterally into ^he 

/ seminal ducts. The 

\ seminal ducts 

/I of either side unite 

I ^ f_ — into a common duct 

r 1 ~ which extends 

J I ( jf 1 1 \ , backwards, and 

^ T^^-wT~rT ^ opens laterally on 

— A7* — I 11 > the ventral surface. 

« .. - -n. «r mi the saiue meta- 

Fig. 92. Generative organs of the Earth. W.orm. The ,1 . 

portion of the body which contains these organs is opened mere tnere are two 

from above, and the walls are laid out on either side, protractile Copula- 

Segments VIII.-XV. are figured, n Ventral ganglionic tory orffailS dc- 

ohain. s s ' s" Diverticula of the testes, rd Their efferent * vnr» 

ducts. 0 Ovary, ad Ovarian ducts, ra Eeceptaculum jYz^P, i”oni mo- 

seminis (after Hering). difications of the 

setigerous follicles. 

The ovaries (o) are the smallest organs of the female portion of the 
generative system. They lie behind the second pair of testes and 
on each side of the ventral nerve-chord. Behind them two ovi- 


Fig. 92. Generative organs of the Earth-W.orm. The 
portion of the body which contains these organs is opened 
from above, and the walls are laid out on either side. 
Segments VIII.-XV. are figured, n Ventral ganglionic 
chain, a s' s" Diverticula of the testes, vd Their efferent 
ducts. 0 Ovary, ad Ovarian ducts, ra Eeceptaculum 
seminis (after Hering). 


ducts (ad) are attached to a dissepiment, and begin by two wide 
abdominal ostia ; they pass to the exterior by a short canal placed 
in the segment in front of the openings of the male organs. Several 
pairs (generally two) of seminal pouches (receptacula seminis) (rs) 
are also present. They are large, rounded organs, which lie near 
the testes, and open by a short duct, without having any close rela- 
tions to the male apparatus. The paired character of the genital 
pores, the position of the female one in front of the male, and, 
finally, the connection between the testes of either side, form an 
arrangement which, so far as is yet known, has not its like among 
living allied forms. 

Even in the Limicolaa the organisation is different. The two 
kinds of generative organs, which are here also present in one 
individual, have no proper efferent ducts. We may suppose that 
the system of oviducts, seminal ducts, and seminal vesicles, which is 
found in the Lumbricidae is not developed in them, so that there 
are only ovaries, testes, and receptacula seminis. So far as we can 
see at present, some of the looped canals (cf. p. 177), which in the 
Lumbricidae have nothing to do with the generative system, here 
form the efferent ducts for the reproductive matters, and undergo 
changes in correspondence with this function. Parts of the dis- 
sepiments function as germ-glands, on which the generative 
products when undeveloped generally form paired saccular diver- 
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ticula which project far into the cavity of the coelom, and often 
extend through several segments. As a rule there are several 
(as many as four) testes in different metameres. There & generally 
only one pair of ovaries. As these laterally-placed organs, just 
like the testes, force their products, when a large quantity is 
developed, through several metameres, they seem to surround the 
unpaired testes (Tubifex). When the generative matters break off 
from their point of origin they float in the coelom. In some 
(Enchytraeus) a number of ovarian germs break off together in a 
mass, of which one ovum only comes to maturity. 

The efferent ducts for the semen are formed from the already- 
mentioned looped canals, a pair of which are, as a^ rule, converted to 
this purpose : these generally undergo modiflcations in size. The 
funnel-like internal orifice, just as in the case of ordinary looped 
canals, lies in the next preceding segment. The canal continued from 
it, which is generally distinguished by its large supply of cilia, passes, 
after several coils, to the terminal portion, which opens to the 
exterior j a large lobed- glandular organ is attached to it. The 
terminal portion anteriorly to its orifice forms an ampulla, into 
which the tube is invaginated for some distance, and from which 
it may be protracted, so that it serves as a copulatory organ. The 
excretory ducts of the ova are either special oviducts, similarly derived 
from modified looped canals, or they are functionally connected with 
the seminal ducts. In this case the enlarged 
terminal portion of the latter consists of a 
double tube, the internal portion is the con- 
tinuation of the seminal duct, and the external 
portion which surrounds it, functions as an 
oviduct. Branchiobdella also conforms to this 
type. 

§ 155. 

The generative system of the Chaetopoda 
is very much like that of the lower division of 
the Scoleina. Only in a few, however, does 
hermaphroditism persist, and sexual separation 
has become the rule coincidently with a more 
free habit of life. The generative, products 
arise in the walls of the body-cavity, as is also 
the case in the Gephyrea. As a rule, the 
places at which the ova or the sperm is de- 
veloped are merely distinguished by the pre- 
sence of these products (Pig. 93, o) ; they have 
no special characters, and are therefore dis- 
tinguishable only at the time when they are 
functionally active. They are developed at the 
same points in the same genera or species; 
thus, for example, in Eunice they lie at the sides of the ventral 
nerve-chord. In a few cases they are limited to a small number of 



Fig. 93. A parapo- 
dium ofTomopterifi. 
88 Scale.like formations 
of the integument, which 
arise from two processes, 
homologous with the 
ventral and dorsal para- 
podia of other Annelids. 
0 Ovary ; a collection of 
cells from which the ova 
are developed. 
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m ^ The ge»epatiye products fomed on 

tilt pi the hody Weah off when they beeome mature ; or they 
hei^e free whilst still unripe, and dost in the ooelom (Fig. 93), in 
which they further develop. The looped canajs here also seiwe 
as efferent ducts for both male and female generative matters ; but 
this matter needs more careful investigation. Even in the Gephyrea, 
as has been remarked above (§ 144), the organs which in them are 
the homologues of the looped canals aid in the generative function, 
and present still more remarkable modifications ; which require to 
be more closely examined. 

A special place must be assigned to the generative organs of the 
Eotatoria, They have nothing in common with those of Ohsetopoda 
save their dioecious character, and they are distinguished from 
them, as from all Annulata, by the fact that they are not meta- 
merically repeated. The sexes differ not only in the characters of 
their reproductive organs, but also by the rest of their organisation. 
The males are not only smaller in size, but several of their systems of 
organs are atrophied, especially the enteric canal. The testis consists 
of a single tube, which opens at the hinder end of the body ; accessory 
glandular tubes are sometimes connected with it. In the female, the 
flattened ovary is ventral in position, and opens into the cloaca by 
means of a short oviduct. Parts of the duct are widened and serve 
as receptacles for the eggs; it thus forms a uterus, and in some 
species the eggs are developed into embryos before they leave it. 

§ 16C. 

The generative products have the same form in most 
divisions of the Vermes. The egg is represented by a more or loss 
modified cell. In the Nemathelminthes, the ova are formed in a 
peculiar manner; they are budded off from a common nucleated 
chord of protoplasm, which forms the contents of the tubular ovary. 
A large number of eggs are produced at one time, while the rest of 
the protoplasm forms the axis of the chord (the rhachis), and is 
surrounded by wedge-shaped ovarian buds. The same thing 
happens in the Hirudinea; the ovaries of Hasmopis contain a 
coiled filament, which corresponds to this rhachis ; and on this 
the ovarian germs are budded. The ova are connected with the 
filament by a thin envelope, which is drawn out into a stalk. 
In Nephelis there is no chord, and the ovarian germs form groups 
of cells. In all forms which have a yelk-gland it is not the egg-^cell 
only which forms the material for the development of the embryo, 
but this is supplemented by the products of the yelk-gland — ^yelk- 
cells (of. ^ 147). The structure, therefore, which appears to be the 
egg consists in them of a complex of cells, one only of which has 
retained the value of an egg-cell. In almost all cases they are 
surrounded by an investment, which varies greatly in character. In 
some it is a layer of albumen only, in others this layer is surrounded 
by a hard shell. 
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The form-elements of the sperm are generally ronnded or 
elongated bodies, horn whidi a fine movable flagelkm projects. 
T^e Nematodes again are pecnliar in this matter ; their seminal 
elements, like the ova, being budded oS from a rhachis. The cells 
thus formed increase in size, and form cell-like bodies, which 
perform amoeboid movements, but do not develop a flagellnm. 

In many Annulate the seminal filaments are united into masses 
of definite form (spermatophores) in special parts of the male 
efferent ducts; these are passed as such into the female apparatus. 
Many Scoleina have spermatophores of this kind, which are merely 
formed by agglutinated seminal filaments (Tubifex). In the Hiru- 
dinea the spermatophores are provided with a special covering. 



Fourth Section. 


Echinoderma. 


General Review. 

§ 157 . 

The Echinoderma form a strictly -defined and independent 
group, owing to the well-marked development of a special type. 
It is distinguished from the Coelenterata by the differentiation 
of the enteric canal and formation of a perienteric cavity (coelom). 
The calcification of the integumentary layer (perisome), which 
encloses this body-cavity, and the radiate arrangement of the 
body, which consists of more than two antimeres, affords a fairly 
sharp boundary between it and the higher divisions. This 
difference between the fully-developed form of the Echinoderma 
and that of the other types does not obtain in the larval stages, 
so that in these we can make out genetic relations with the other 
types. These are the more to be insisted on, as the actinoid type 
of the Echinoderma was regarded as a reason for uniting them and 
the Coelenterata into a large group — that of the Radiata ,* a union 
which on close examination cannot be justified. Such a union is 
inconsistent with the close relationship between them and the 
Vermes, especially the Annelides and Gephyrea. The observation 
that the internal as well as the external organisation of the Echino- 
derma gives evidence of metamerism, has further justified their 
separation from the Coelenterata, and has given rise to the hypo- 
thesis propounded by Hackel, which regards the Echinoderma as 
derived from colonies of worm-like organisms. 

The larval form of the Echinoderma agrees exactly with the larva 
of the Vermes. Here, as in many of the latter, a new organism is built 
up within the body of the larva. But radial gemmation takes place, 
and a number of individuals are produced, and thereupon the phmno- 
menon enters upon the weU-known series of changes. Gradually the 
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radially disposed buds separate from one another to a certain ex- 
tent, without however ever becoming completely separated ; so that 
a number of organs, or separate portions of organic systems, are 
common to them all. In this way the budding individuals remain 
connected as a single organism, and losing their individuality, 
sink to the level of mere parts only of a body (antimera). 

This hypothesis of the derivation of the Echinoderma from the 
Vermes leads us to classify the former above the latter, for we 
suppose that the Vermes gave the starting-point for the development 
of the Echinoderma. 

The separate divisions of the Echinoderma (Star-fishes) are thus 
arranged : 

I. Asteroida (Sea-stars).* 

Asterida. 

Asteracanthion, Solaster, Astropecten, LaiiUa. 

Brisingida. 

Bnsinga. 

Ophiurida. 

Ophioderma, Opbiolcpis, OpUiothrlXi Ophiocoma. 

Euryalida. 

Astrophyton. 

IL Crinoida (Lily-stars). 

Brachiata. 

Pentacriiiua, Coinatula. 

III. Echino’ida (Sea-urchins). 

Demosticha. 

Echinothurida.t 

Galveria, Phormosoma. 

Cidarida. 

Oidaris. 

Ecliinida. 

Echinus, Echinometra. 

Petalosticha. 

Bpatangida. 

Spatangus. 

Clypeastrida. 

Clypeaster, Lagantun, Scutella. 

IV. Holotliuroida (Sea-cucumbers). 

Eupodia. 

Holothuria, Kolpadia, Pentacta, Paolus, Curieria. 

Apodia. 

Synapta, Chirodota. 

* The Asteroida mnst be put first, as including the oldest Echinoderma) and as 
being the nearest in organisation to the hypothetical stem form. Among tlae fossU 
forms of this group we find conditions which are allied to those of the next elaas 
(Orinolda). 

t This most important family presents points of connection with the Asterida; 
notably in the possession of a movable dermal skeleton. 
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General Form of the Body. 

§ 158. 


The morphological relations of the various divisions of tho 
Echinoderma to one another, and to the lower forms, are best 
understood by a reference to their development. Tho larva, which 
arises from the ovum, has only two antimera (bilateral symmetry) 


A 


U’ 




Fig. 94. Larval forms seen from the side. A Larva of a Holothnrian. B Larva of 
a Starfish (Bipinnari^type). C D Vermian larvm. o Mouth, i Stomach, a Anus. 
V PrsDoral band of cilia) which is independent in C, and JD, but in A snrrounds an 

oral tract. 


and agrees in all essential points with the larva of the Annelides. A 
ciliated band either surrounds the oral surface, which carries the 
mouth (cf. Pig, 94, A), or is divided into two circlets, one of which 
boimds the prseoral, and the other the postoral region (B). The 
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latter larval form is seen in the Asteroida, the former in the 
Holothuroida. These forms also obtain in the larvae of other 
Bchinoderma, but in the Ophiurida and Bchinoida a number 
of processes are developed, on to which the band of cilia is continued. 
In a few cases (where development takes place within the maternal 
organism) the larval form is passed over, and the Bchinoderm 
appears without this intermediate stage. The resemblance which 
exists between the larval form of even very different divisions points 
to the common origin of the phylum; which origin, indeed, was 
from forms which were not of the radiate type. This important 
point is ignored by those who try to derive the Bchinoderma from 
the Ooelenterata ; they regard the Bchinoderma as forming an 
exception, which they are unable to 
explain. 

The rudiments of the Bchino- 
derm body appear round the enteron 
of the larva. In the Asteroida five 
or more parts are budded off from 
a common rudiment ; these ai*e the 
future ^^arms^^ or ^^rays^^ of the 
starfish (Fig. 95, A). The free end 
of the ray appears at first to bo in- 
dependent, and the other end remains 
in connection with the general mass. 

This corresponds to the anterior 
part, and the free end of the ray to 
the posterior part of a worm^s body. 

As the rudiment of each arm grows, 
joints (metameres) appear in it be- 
tween the base and the tip. There 
is a certain amount of independent 
organisation in each arm of a star- 
fish ; its organs, such as the intestine, 
nervous, and vascular systems, and 
also the sexual organs, have exactly the same position as the homo- 
logous organs of an Annulate worm. If, then, we compare each of the 
budding arms with a worm-like organism, we must regard the star- 
fish developed by this process of gemmation as corresponding to a 
multiple of such organisms ; and, further, we must recognise in this 
phasnomenon the same process of gemmation as that which takes 
place in other lower animals; for example, in the compound Ascidians. 
It is a process in which several separate animals are simultaneously 
budded off ; the process does not go on till these animals are com- 
pletely separated, but stops in such a way as to keep them connected 
together as an individual of a higher order. 

It is not hard to see how, owing to the incompleteness of their 
separation, the products of gemmation are not only connected ex- 
ternally, but have a certain number of internal organs connected, 
and so permanently common to the whole organism. 



Fig. 95. Larva of au Ophiurid 
(Pluteus form), a Rudiment of the 
Echinoderm with budding arms. 
d d‘ Processes of the larval body 
with their framework of lattice-like 
rods (after J. Muller). 
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§ 159. 

Thus, then, an organism is developed, the antimeres of which 
present themselves as the radially-arranged arms each of these 
arms has primitively the value of one person. By the concrescence of 
these persons an individual of a higher order, an animal colony, is 
formed. In the Asteroida the number of arms is not definitely 
fixed; in some there is a large (14 in Solasfcer), in others (Astera- 
canthion) a smaller number (4). In most the number is limited to 
five, and the typical number, which predominates in other Echino- 
derma, is fixed at this. The number of arms in Brisinga varies from 
9-12. The point at which all the arms are connected forms the 
common body in the Asteroida ; it carries the mouth. This lies on the 
ventral surface, which is oral, and has an aboral surface opposed to it. 
In the arms the ventral surface is distinguished by the possession of 
rows of expansive and movable processes — ^ambulacral feet; these 
form an ambulacrum in each arm, and are attached to a depression, 
which runs along the arm (ambulacral groove). They correspond in 
character with the metameric arrangement of the arms, which is ex- 
pressed in other parts. There are four rows in Asteracanthion, and 
two in most of the other forms. It is uncertain whether these 
structures are allied to the parapodia of Vermes or not. The ventral 
surface is also known as the ambulacral. There is no difference in 
the extent of the ambulacral and antambulacral (dorsal) surfaces. 

The radii or arms vary greatly in the extent to which they are 
independent of the common body ; in not a few forms they show a 
tendency to shorten so as to form a body disc, and so, at the same 
time, the indication of the primitively individual character of the 



Fig. 96. Three forms of Starfishes, ABCjin which concrescence and consequent 
loss of individuality in the arms is being gradually effected. All three are 
figured from the oral, or ambulacral, surface of the body. The ambulacra are 
represented by rows of dots, o Mouth, r Badii (Anns), ir Interradii. 

arms is lost (Oreaster, Pteraster, Asteriscus, etc.). A comparison of 
the three forms of Sea-stars (Pig. 96, A B 0) here figured will 
make this quite clear. 
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§ 160. 


The arraugements in other Echinoderma are derived from the 


form which obtains in the Asteroida ; and 
that in two divergent lines. In both, 
although in different ways, it leads to a 
greater centralisation of the organism. 
Along one line the arms are more largely 
developed, and at the same time gradually 
lose their relations to the internal organs. 
Along the other the arms pass completely 
into the common body. The number of 
rays appears to be always five. The first 



arrangement is seen in Brisinga and the Fig. 97. Diagram of the body- 
Ophiurida, where the body is separated of an Ophmrid. oMonth. 

into a discoid central portion (Fig. 97, .«?), ^ ^ Y 


and the projecting, but sharply sepa- 
rated, arms (v). The arms take but a 
small share in the formation of the 
body-cavity, which is almost exclusively 
limited to the body disc. The ambu- 
1 acral groove is wanting in the Ophi- 
urida, but the ambulacra still extend 
along the arms. 

The arms of the Euryalida are 
greatly developed, being repeatedly 
divided in a dichotomous fashion. A 
shallow groove is continued into the 
divisions. The Crinoida, which in 
earlier periods were widely distributed, 
and very rich in forms, but which are 
now represented by few genera, have 
lost the power of free locomotion, and 
passed into the fixed condition. In 
the division Brachiata, which includes 
the extant forms, a stalk, often of 
great size, jointed, and complicated 
by branchings and appended struc- 
tures (Fig. 98), is developed on the 
antambulacral portion of the cup-like 
body. This serves as an organ of 
attachment. The arms are not always 
limited to five, but there is often a 



larger number of them; they are con- Fig. 98 . Ehizoorinus lofofcen. 

siderably developed, being divided, or X A yo^g Bpeoimeo. BCup 
i ® j («)» seven arms, of a larger 

provided with secondary appendages, ^p^oimen. p stalk. Boots. B 
These appendages, which are attached Arms, t Tentacles (after M. Sars). 
to the arms and have the form of 


feathery plates, are known as pinnulse. The ambnlacral groove 
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extends on to tlie arms, and gives passage to the tentacula-like feet. 
In some the fixed condition obtains in the young only, and later 
on in life the arm-bearing body breaks off from its stalk (Antedon, 
Oomatula). 

§161. 


The other series of modifications of the form of the body leads to 
the Echinoida, The arms have altogether disappeared as indepen- 
dent parts. In the more or less cone-shaped body of the true Sea- 
Urchins (Desmosticha), the ambulacra extend over the greater part 
of the surface. The ambulacral tracts form five bands, which extend 
from the oral (Fig. 99, A o) to the oi^posite polo (B a) j these are 
separated by as many tracts devoid of suckers (Interambulacra). 

The aboral polar area (apical 
y; A. pole) is occupied by the 

greatly-diminished antambu- 
lacral surface. The distribu- 
tion of ambulacral (oral) and 
antambulacral (aboral) sur- 
faces of the body, which is 
pretty equal in the Asteroida, 
is thus completely altered in 



Fig. 99. Diagrammatic figure of a Sea-Urchin, the Sea-Urchins, for in them 
A From the oral surface. B A lateral view, the former is much larger 

The ambuiacm are represent^ by rows of than the latter. If we imagine 
dots, r Kadii. Interradii. o Mouth, a Anus. c<4. c 

The. latter is surrounded by the antambulacral ^ btariisn-iorm, in Wnich 
surface. the arms have completely 

passed into the general body 
(cf. Pig. 96, c), then the decrease in size of the antambulacral surface. 


and the consequent increase in that of the ambulacral, will give us 
the Urchin-form. 


This arrangement is modified in the Petalosticha, partly by a 
change in the relations of the mouth and anus, partly by modifica- 
tion of the ambulacral tracts. The diminution in size of these tracts 


is of importance. They form a five-leaved rosette on the dorsal 
surface, and from these leaf-ends signs of a continuation of the tracts 
as far as the mouth can be still followed out in the Clypeastridac. 

The indications of the development of the Echinoderm body from 
a multiple of individuals are less apparent in the Holothuroida 
than in the Echinoida. But the sausage-shaped body can be derived 
from the arrangement seen in most of the regular Sea-Urchins, by 
imagining the body to be pulled out. The oral and aboral poles in 
each correspond, the former being distinguished by the oral, the latter 
by the anal orifice. The antambulacral surface has altogether disap- 
peared. In the true Holothuroida (Eupodia) the ambulacral and 
interambulacral tracts extend alternately from the mouth to the anus. 
Some of the ambulacral tracts may however undergo an increase, 
and the others a decrease in size, according to the varying necessities 
of function. Thus the three ambulacral tracts on that surface which 
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functions as ventral, are retained in Psolus, wMle the other two 
which belong to the* portion of the surface of the body, which func- 
tions as the dorsal, are atrophied. In Cuvieria this modification of 
parts is extended so as to result in the disappearance of the throe 
ventral ambulacra. 

A complete degeneration of the ambulacra takes place in the 
Synaptas, and the radiate organisation, which is implied by the 
division into ambulacra, is thus lost ; they have followed out the 
line of modification indicated in those Asteroida, where the rays 
begin to lose the organs belonging to them, as if in preparation for 
a centralised organisation. 


Appeudagres. 

§ 162 . 

The organs appended to the integument, which may be regarded 
as appendages, are not so various as in the Vermes. Of such parts 
the sucking or ambulacral feet must be placed foremost, for 
they form the most common arrangement, and belong to the typical 
Echinoderm organisation, and are evidently derived from an ancestor 
common to the whole group. They are tubular, and generally 
cylindrical processes of the body- wall, which not only agree in being 
arranged in rows (in accordance with the metamerism of the rays), 
but also in their most essential points of structure, with the parapodia 
of the Annelides : on the whole they are more simple in character. 


V' 


7 ^ 

Fig. 100. Diagram of the cross section of an arm, of Asteracanthion rubens ; 
n, of Ophiura texturata. p Ambulaoral • feet, •p' Ampullte. t Dermal tentacles. 
n Nerve-chords, w Ambulacral plates, m Muscles, a Ambulacral vein.^ 5 Ventral 
plate, c Lateral plates, d Dorsal plate, k Calcified portion of the integument 

(after Wilh. Lange). 

(Fig. 100). As they have always much the same structure they 
vary but little in function. 

The free end of these tubular structures (p) is either flattened 
out, or provided with a sucker-like termination (Bchinoida) ; or it 
has a conical tip, or is rounded off (many Asteroida) ; sometimes it is 
provided with a rounded head. Others are provided with lateral 
indentations or secondary processes (Ophiurida and Orinoida) ; these 
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are intermediate towards those forms which have lost their locomotor 
function, and have the form of ambulaoral branchiae or tentacles 
(tentacular organs). 

When they are filled with fiuid the feet swell, and are thereby 
erected and capable of protrusion. The extent to which they are 
protruded depends on the length of the firm appendages of the 
integument, so that the sucker feet are longest in the Bchinoida with 
their long spicules. The end becomes fixed when the sucker is pro- 
truded, so that the foot is now able, when it contracts, to draw the 
body of the animal towards the point of attachment ; this mode of 
locomotion is often effected with great rapidity by the Echinoida. A 
whole group of suckers takes part in the movement, and by working 
together display considerable energy. The distribution of these 
structures has been referred to in the previous paragraphs ; their 
relation to the vascular system will be spoken of when that system 
is dealt with. 

In the Crinoida the circumoral suckers acquire the function of 
tentacles; this is in many other cases combined with the locomotor 
functions. But we get also independent tentacular structures, 
allied in origin to these, namely, the tentacles in the neighbourhood 
of the oral aperture of Holothuroida (cf. Fig. 113, T). They are 
sometimes pinnate, sometimes branched, and, as a rule, can be 
completely drawn in. In many Synaptae they carry suckers (S. 
Duvernaoa). Their internal cavity is in communication with the 
same vascular system, as are the ambulacral feet. 

The so-called dermal branchiae, tentacles which are dis- 
tributed over the antambulacral (dorsal) surface of the body in 
the Starfishes (Fig. 100, f), differ from these; in the Echinoida 
they form five pairs of contractile tree-like organs near the mouth. 
They communicate with the body-cavity, and are merely protrusions 
of the integument. 


Inteerument and Dermal Skeleton. 

§ 163. 

In the Echinoderma the same dermo-muscular layer is present as 
in the Vermes, but the integument is more sharply marked off from 
the musculature. This latter forms, for the most part., a layer which 
limits the body-cavity, and is covered externally by the integument. 
Its special characters are due to the fact that the locomotor power of 
the body is more or less determined by the deposition of chalk 
in that layer, which goes to form, in conjunction with the muscular 
layer, the “perisome.^^ 

The same structure exists in the larva; but in it this exoskeleton 
is never of any great size, but is merely a firm support formed by 
a large number of rod-like processes. The ciliated bands extend on 
to the processes, which they fringe, and form, in a more or less com- 
plicated manner, the locomotor apparatus of the larva (vide Fig. 95, 
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d d' e). The whole body is covered with cilia at a period before 
that when they are arranged on the ridge-like projections from the 
ciliated band; but this general ciliation is only found during the 
most indifferent condition of the larva. 

The cilia are retained even later on, on many parts of the soft 
dermal layer which invests the calcareous skeleton : as, for example, 
in the ciliated tracts, which reach to the mouth in the Spatangidse 
(semitae). On other parts, such as the dermal branchiae (cf. supra), 
ciliation appears to be correlated with the respiratory function 
of the integument, in which the ambulacral feet may also have 
a share. 

The extent to which the integument is calcified varies greatly. 
Sometimes the calcareous particles are united with one another into 
larger pieces, and form plates which are movably or immovably 
connected together ; this arrangement either extends over the whole 
body, or is confined to definite tracts of its surface. In other cases 
the calcareous particles are scattered, and allow of great variations 
in the form of the body. In this case a large number of the 
characteristic features of the Echinoderm disappear from other parts 
of its organisation ; so that the disappearance of a calcified integu- 
ment is a departure from the type, and the general phaenomenon of 
a scanty deposit of calcareous matters is not to be regarded as an 
early, but as a final stage in the series of forms. 

Calcification converts the integument into an organ of support 
for the body, or dermal skeleton; 
in many cases this sends out pro- 
cesses into the interior of the body. 

These give rise to calcified struc- 
tures, which form an internal skele- 
ton and combine with the external. 

The whole thickness of the peri- 
some is not affected by the process 
of calcification. A thin non-calci- 
fied layer of tissue is always found 
on the inner, as well as on the outer 
surface ; on the latter, however, this 
layer disappears at an early period 
from some parts, so that the calcified 
parts are exposed; this happens, 
for instance, on the spine-like struc- 
tures, as well as on other processes 
of the calcareous skeleton. 

The lime-salts are always de- 
posited in a regular manner in the 
integumentary layer. They form 
delicate frameworks or retiform 
structures (Fig. 101), in the spaces 
of which soft organic substance persists. The most solid skeletal 
parts are thus traversed by soft structures; when the calcareous 



Fig, 101. View of a caloareons net- 
work of a plate of the dermal skeleton 
of an Echinid (Cidaris). h Trabeonlse 
cut through. These were directly per- 
pendicular to the horizontal network 
(somewhat highly magnified) . 
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skeleton is merely represented by separate and microscopic deposits, 
these are generally definite in shape, and characteristic of genera 
and species. 

The calcareous skeleton of the larva forms an organ of support, 
which is generally made up by a framework of delicately attached, 
and often perforated rods. They are ordinarily found in the larval 
Echinoida and Ophiurida; there are also calcareous bodies in the 
larva) of the Holothuro'ida. The presence of a calcareous skeleton in 
the larvas is clearly an instance of an arrangement which is common 
to the group ; but it must not bo forgotten that this larval skeleton 
corresponds to the form of the larva, and not to that of the adult 
Echinoderm i none of it passes permanently into the adult form. 
There is, in fact, a repeated change of the calcareous skeleton in the 
Holothuro’ida, 


§ 164. 


As regards the special characters of the dermal skeleton, the 
presence of pieces, movably connected with one another, on the 

ambulacral surface of the arms . 



Fig. 102. Body disc of an Ophinrid 
(Ophiothrix fragilis); seen from the 
oral surface; the bases of the arms be- 
sot with spicules may be seen (magnified), 

C Body disc. B Arms, t Calcareous plates, 
which cover the canal which corresponds 
to the tentacular groove of the Asterol'da. 
g Genital clefts, d Masticatory plates. 

cuticle. At the side it passes into t 
much deeper. At the lateral edges 


is characteristic of the Aste- 
roida. Transversely - placed 
pairs of calcareous pieces, 
which gradually diminish in 
size, are found from the mouth 
as far as the tip of the arm 
(Pig. 100, A w) ; they form 
the floor of a groove — the 
tentacular groove. The sepa- 
rate pieces form a jointed 
series by their articular at- 
tachments, and the suckers 
pass out between the solid 
joints (p). These calcareous 
pieces are consequently known 
as ambulacral plates. But 
as special soft parts (ambu- 
lacral canal and nerves) are 
also embedded in this groove, 
the jointed segments do not 
appear to be purely dermo- 
skeletal parts. The ambu- 
lacral groove is covered by the 
integument, which is con- 
tinued laterally on to the am- 
bulacral plates. It consists 
largely’ of a layer of long 
cylindrical cells, covered by a 
layer of cells, which is placed 
of the groove the skeleton is 
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oontinuous with the dermal skeleton, which covers the back of the 
arms ; at this point there are frequently found one or more longi- 
tudinal rows of plates or scutes. These structures may be replaced 
by knobs, and are sometimes continued on to the integument of 
the antambulacral surface of the body ; or the integument is dis- 
tinguished by retiform deposits of calcareous matter and smaller 
tubercles, separated by the non-calcified parts of the perisome. 
Brisinga resembles the Asteroida in the structure of its arms ; that 
is, they have an ambulacral groove. 

Larger flat plates, marginal plates, form the edge of the arms ; 
these are often distinguished by spicules and other processes. 

The structure of the integument of the Ophiurida resembles 
that of the Asteroida. There is seldom any great development of 
calcareous plates on the antambulacral surface ; they are, as a rule, 
found near the base of the arm only in these forms. The ambulacral 
or ventral integument is also provided with plates around the mouth 
(Fig. 102). But several parts of the firm skeleton of the arms are 
different to those of the same parts in the Asteroida. The pieces 
homologous with the ambulacral plates of the latter form a closely- 
set series (vertebral pieces. Fig. 100, B w)^ which almost com- 
pletely fill up the arm, and only leave a narrow canal on the dorsal, 
and a groove for the nerves and other organs on the ventral surface. 
The coelom is therefore continued into the arms as a narrow canal 
only. Instead of the soft covering of the ambulacral groove, which 
the Asteroida possess, there is a series of firm calcareous scutes 
(Fig. 100, B h) in the Ophiurida; other lateral processes of various 
kinds are added on to them. 

In the Euryalida also the leathery investment of the body 
covers in a skeletal structure, formed of vertebral calcareous plates 
attached to one another. This, as in the Ophiurida and Asteroida, 
belongs to the oral surface of the body ; the plates are continued 
from the edges along the radii, and to the finest ramifications of 
them. In them, too, this skeleton forms the floor of the ambulacral 
groove. On the aboral surface the body-disc is enclosed in a dermis, 
merely impregnated with calcareous granules, which passes on to the 
arms, and covers them as far as the edge of the ventral groove. 

There is a larger number of knob-like and spicular processes in 
the integument, which may vary very greatly in character. A 
special form is very common among the Asteroida ; namely, bundles 
of movable spicules attached to a common stalk (paxillae). The 
pedicellarise are described in § 166. 

§ 165. 

This dermal skeleton is modified in the Crinoida. The dorsal 
integument is drawn out into a stalk, to the end of which the 
animal is attached. The skeleton of the stalk is formed of cal- 
careous plates, which lie regularly one over the other, and are con- 
nected with flattened basal pieces, to which other calcareous plates. 
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whkik iokm tihe of the body, are attached. In the young 

rti|(ea of the Gomatulee^ a simple hnob-like piece (centro-dorsal) 
toutes the skeleton of the stalk with the body. Badial jointed 
pieces^ which are continued into the joints of the arms, are attached 
to the central piece. The ambulacra! groove extends along the 
dichotomous branches of the arms (Pentacrinus), as well as along 
the lateral appendages (pinnul© of Comatula) which are set alter- 
nately on either side of the arms. The groove becomes united with 
the groove of the next arm, and passes along the ventral surface of 
the cup-shaped body as far as the mouth. Deposits of calcareous 
plates are embedded in all parts of the portion of the integument 
which remains soft and covers over the skeleton. 

§ 166. 

The differences in the dermal skeleton of the Echinoida, and the 
consequent changes in the form of their body, as compared with the 
Asteroida, are chiefly due to the calcification of the oral (ventral) 
perisome, that is of the portion which covers the ambulacral groove 
and the soft parts which lie in it, and which is permanently soft 
in the Asteroida. In the place of the articulated joints, there are 
plates which are calcified externally, and are connected with the 
body in various ways. 

In the Desmosticha the portion which corresponds to the dorsal, 

or aboral pole of the Starfish is a 
small surface, marked off by small 
loosely-articulated calcareous plates, 
placed excentrically to the anus (Fig. 
103, x). This surface, which occupies 
the centre of the so-called apical pole 
of the Sea-Urchin, is surrounded by 
larger calcareous plates, which carry 
the orifices of the genital organs, the 
genital plates (g) ; one of these is the 
madreporic plate (m). Five pieces 
(intergenital plates, ig) are attached 
to, and partly intercalated between 
these, and from the former five rows 
of paired plates extend to the oral 
surface. These are traversed by fine 
pores, by means of which the suckers 
communicate with the interior. These 
are the ambulacral plates (a), which 
make up the ambulacral areee. The 
ambulacral rows of the calcified peri- 
some of the Sea-Urchins are homo- 
logous with the permanently soft 
perisome of the Starfishes, which covers over the ambulacral groove 
on the ventral surface of the arms. The rows of non-perforated 
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Fig. 103. Apical polo of an 
Echinus, a Ambulacral area*, 
i Interambulacral arete, g Genital 
plates, ig Intergenital plates, m A 
genital plate with the characters 
of a madreporic plate, x Anus 
placed in the apical area surrounded 
by the genitsd plates. The knobs 
of the plates are figured in only one 
ambulacral and one interambulacral 
area ; in the former the pores also, 
which are omitted from the other 
four, are indicated. 
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plates^ whicE lie between the ambnlacral tracts (interambnlacral 
aresB^ i)^ are homologons with the marginal plates of the arms in 
the Asteroida. There are two rows of interambnlacral^ as well as 
of ambnlacral plates. The Echinoida of earlier periods had a larger 
number of these rows — ^forms with three, five, and even seven rows 
in one interambnlacral area are known. 

These pieces are connected with one another in different ways. 
In many Echinoida^ as in the AsteroKda, the calcareous plates of the 
perisome are movably connected together, and so allow of changes in 
the form of the body. In the family of the Echinothnrida the 
plates of the perisome are movably connected with one another, 
so that the body is able to change its form. The ambnlacral as well 
as the interambnlacral plates project over one another like the tiles of 
a roof in the middle of each area, and the interambnlacral ones are 
separated laterally from one another by a narrow intermediate space. 
Owing to the thinness of these plates the soft parts of the perisome are 
of more importance than they are in other families of the Echinoida. 
These plates are also continued with slight modifications on to the 
area around the mouth, while in the rest of the Desmosticha this 
portion is more sharply marked off from the rest. So far the 
Echinothurida approximate to indifferent conditions, and form an 
intermediate step between the other Desmosticha, and the hypo- 
thetical forms which can be derived from the Asterotda. This point 
of view is further justified by the fact that a firm fascia extends 
along each ambnlacral area on the inner face of the shell, and sepa- 
rates the parts (nerves, vessels, ampullae) which lie on the ambulacrum 
from the coelom. It forms a process, which is attached to either 
side of an ambnlacral groove, and projects some way into the coelom ; 
this process is, moreover, fenestrated by fine pores. This arrange- 
ment corresponds to the skeleton of the ambnlacral groove in the 
Asterida, which is calcified in this portion in them ; while the same 
portion in these forms, in which the perisome corresponding to the 
ambnlacral groove of the Asterida is formed by calcareous plates, 
remains soft. 

Several important modifications of the regular form of the dermal 
skeleton of the Echinotda, which are not Erectly comparable with 
the arrangements found in the AsteroYda, are developed ; these are 
accompanied by the disappearance of the rest of the primitive dorsal 
perisome, and by the passage of the radiate into other forms. The 
ambnlacral areae no longer extend regularly from the mouth to the 
back; in the Spatangidae and Clypeastridae they are limited to a 
five-leaved rosette (ambulacra petaloYdea) placed on the dorsal sur- 
face. At the same time the number of plates, which is very large 
in the regular EchinoYda, is diminished ; so that there is a smaller 
number of larger plates. 

The internal skeleton, which in the AsteroYda is formed by the 
skeleton of the ambnlacral groove, is represented in the EchinoYda by 
processes of the ambnlacral plates. These processes, which are well 
developed in Cidaris, for example, embrace the nerves as well as the 
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ambulacnA caaal^ and bo point to’ an affinity with this skeleton. 
The skeleton of the masticatory apparatus in the BohinoYda and 
Olypeastrida is to be regarded as an independent development ; it 
surrooi^ds the commencement of the enteron^ and consists of a 
number of calcareous blocks connected together like a scafEold. 

Spine-like processes are connected with the integument in the 
Echinolfda, as well as in the AsteroYda, but they 
are more indOTendent owing to their power of 
movement. They are articulated to protuber- 
ances of the calcareous plates, and are provided 
with a special system of muscles. The spines 
vary greatly in form and size ; sometimes they 
are as fine as hairs (Spatangidss) ; sometimes 
club-like structures (Acrocladia); sometimes they 
are long rods (Cidaris). 

The Pedicellariae are also dermal organs 
of a peculiar character, which are found in the 
Asterofda, as well as in the Echinorda. They 
consist of a stalk-like muscular process of the 
integument, which is supported at its end by a 
fine calcareous skeleton; it terminates in two or three pincer-like 
valves, which are movable on one another. These too are provided 
with a calcareous skeleton. In the Echino'fda the three-valved, 
and in the Asterida the two-valved forms predominate. Brisinga 
resembles the Asterida in this point. They are scattered over the 
whole body ; but in the Asterida they are principally found at the 
base of the spicules, and in the Echinoi'da in the perisome around 
the mouth. 

These bodies may be regarded as spines modified in such a way 
that the incompletely calcified stalk of the pedicellaria corresponds 
to the stalk of the paxilla of the Asterida; the tuft of spinules 
on the latter being represented by the arms 
of the pedicellaria, which are moved by 
muscles, just as are the spines of the Echi- 
no'fda. The four-valved pedicellaria© of Cal- 
veria fenestrata are intermediate between 
the more common pedicellaria© and the paxilla©, 
for each of the valves, which is provided with 
a long stalk, is continued into a broad lamella, 
bent over at its edges. 

§ 1 « 7 . 

In the Holothuroida the integument has 
no longer any dermo-skeletal significance. 
The calcareous plates of the other Echinoderma are represented by 
disconnected deposits of lime in the firm dermal layer. 

The calcareous deposits of the skin are definite, and often very 
regular in form ; and these forms are characteristic both in Synaptee 



anchor. B Calcareous 
plato, which serves to 
attach the former ; from 
the integument of Sy- 
napta 1 a p p a (after J. 

Muller). 



Fig. 104. Pedicellariaa 
of Echinus sax a- 
tilis. A Pedicel- 

laria with its pincer- 
arms open ; B With 
them closed (after 
Erdl). 
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and Holothurise. They sometimfes form larger firm pieces, such as 
the scutiform structures, which cover the dorsal or antambulacral 
surface in Ouvieria, and which though much smaUeor are widely 
distributed in the dermis of Echinocucumis. 

In the Holothurise the leathery layer of connective tissue becomes 
very strong indeed, but it is quite soft in the Synaptae. In these 
latter, however, there are calcareous bodies deposited, which are 
frequently definite in form; such as the calcareous rotulae of the 
Ohirodotae, or the fenestrated plates (Pig. 105, B) into which the 
bases of the anchor-shaped hooks (A) are insert^. These latter 
project from the integument, and give to the skin of the Synaptae 
its great power of attachment. 

The Holothurolda also possess an internal skeleton proceeding 
from their dermal one. It consists of a calcareous ring surrounding 
the gullet, which serves as a point of insertion for the muscles of the 
body, and as a support for the other organs. In the Holothuriae it 
consists of 10, and in the Synaptae of 12-15 separate pieces. In 
the former five larger pieces alternate with as many smaller ones, 
and are more or less movably connected with one another. They 
are homologous with the processes, which project inwards from the 
oral edge of the shell in the Echino'fda. Like those processes, 
they are provided in the Synaptae with pores, which give passage to 
the nerves and ambulacral canals ; in the Holothuriae these organs 
pass out through forked processes. 


Muscular System. 

§ 168. 

In the Echinoderma, as in the Vermes, the muscular system is 
connected with the integument, and the structures derived from it. 
The arrangement of it is essentially dependent on the development 
of the dermal skeleton, so that it is only developed into a system of 
body muscles in those cases, where the body is able, thanks either 
to the articulations of its separate firm parts (Asterolfda and 
Crinoida), or to the presence of disconnected calcareous deposits in 
its integument (Holothuroida), to change its form. 

In the Asteroida and Orinoida the musculature of the arms, like 
the arms themselves, is jointed ; it fills up the interspaces between 
the solid parts. In the Crinotda, where the skeletal parts of the 
arms are connected together by elastic tissue, these muscles lie on 
the ambulacral or ventral surface of the body, and serve principally 
to bend them, while the elastic tissue between the joints straightens 
them again. The same arrangement obtains in the pinnulae of the 
CrinoYda. 

This system of muscles is rudimentary in the EchinoYda, where 
the perisome is hardened into a firm "shell consisting of immovably 



Very" different relations obtain in^the iEolothuroYda, where the 
absence of large skeletal pieces leads to a proportionate development 
of the muscular system. Its connectionVith the integument is very 
definite. There is a circular layer of ni4#cle beneath the connective 
tissue of the skin ; within this are five longitudinal bands of muscle, 
which are sometimes divided (Fig. 113, m) and are separated by ' 
intermediate spaces of varying breadth ; these bands are ii^serted 
anteriorly into the already described calcareous ring (E). They are 
connected through the five pieces which are pierced so as to give 
passage to the nerves and ambulacral vessels. The circular layer is 
continuous only in the Synaptao; in the HolothuriaB it is broken 
through at the radii, so that it really consists of interradial transverse 
fibrous tracts only. 


Nervous System. 

§ 169 . 

The principal parts of the nervous system of tlio Bchinoderma 
c6nsist of a number of trunks, corresponding with the antimeres of 
the body ; they are placed ventrally and have a radial direction, and 
are also connected by commissures around the cesophagus. These 
commissures are formed by each of the nerve-trunks, which ac- 
companies the ambulacral vessels, being divided into two halves 
near the mouth ; these pass to each side, and become connected 
with the corresponding halves of the neighbouring nerve-trunks, 
which go to meet them. In this way a ring is formed, which sur- 
rounds the gullet, which, however, on account of its mode of 
formation, must not be compared with the oesophageal ring of the 
Vermes. Each of the radial trunks corresponds rather to the 
ventral ganglionic 4^ain, or ventral medulla of the Annulata ; and 
the commissures therefore between several such trunks are connec- 
tions between the ventral medullas, which owe their origin to the 
concrescence of several incompletely separated persons. 

As to their more special characters ; the position of the radial 
nerves immediately below the well-developed epithelial layer of the 
ambulacral groove (Fig. 100, A n) in the AsteroYda and Comatulas is 
an important point ; for it indicates that the relations between the 
nervous system and the ectoderm are almost direct. Perhaps this 
position is due to the mode of development of the radial nerves, and 
possibly we here meet with a very low condition, in which differentia- 
tion is not completed. The fact that processes of the epithelial 
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form-elemet^ filter into tlK|^r|QE^on & nervous tra^^ and ^ 
have the fohctioi^of a "tis^ to tins coji^nBioii. « 

In the Asterida each rad^t^fare conids^ ^ two bands thickened 
in the middle^ in which celltdar a|id fibrow elements, are ec^Uy 
distributed. At the ends of tibie arms the radial nerves form a laz'ge 
swellings which is connected T^h the optic organs plkced there. 

Ill Coftnatula this neryous band has the same characters^ It is 
accompanied by a blood-Wessel, which is placed in the middle of it, 
and, being pushed into it fpwn above, divides it into two halves. 
Branches are given oJBE in r^j^ukr order to the pinnul®. In the 
Ophiurida the radial tferve- trunks (Pig. 100, B n) are placed in a 
ispace, covered over by the ventral plates (6), and supported by a 
layer which, by its continuation into the ambulacial feet, is 
shown to belong to the integument. In many, however (Ophiura 
texturata), the nerves themselves are considerably differentiated. 
They each consist of two nerve-chords, in which masses of ganglionic 
cells are deposited ; these correspond to the metameres of the arms. 
The longitudinal trunks are connected by transverse commissures 
with these ganglia, from which peripheral nerves are given off. 
Each radial nerve therefore represents a ventral ganglionic chain. 

The connection between the nervous system and the integument, 
although at first sight this is implied only by the position of one on 
the other, is an important aid to the 
comprehension of the relations of tho 
skeleton. For when this arrangement 
obtains the ambulacral groove cannot bo 
calcified; this can only happen when 
the nervous system becomes more inde- 
pendent. 

In the Echinoi'da provided with a 
masticatory apparatus, the nerve-pen- 
tagon is intimately connected with it. 

In Echinus (Fig. 106) the nerve-pentagon 
lies above the floor of the oral cavity, be- 
tween the oesophagus and the tips of the 
ossicles of the masticatory apparatus, 
and is attached by five pairs of bands 
in this position. The nerve-trunks {c) 
pass from the angles of the pentagon 
to the spaces between the pieces of the 
pyramid; and extend thence over the 
oral integument to the ambulacral areas. 

They are greatly widened in the middle 
of their course, and divided into two 

lateral halves by a median groove. The lateral branches from the 
principal trunks accompany the branches of the ambulacral vessels. 
The nervous system has the same arrangement in the Spatangidaa, 
but in them the oral ring forms a pentagon with unequal angles. 

The nervous ring of the Holothuroida lies just in f^t of and a 



Fig. 106. Nervous system of 
Echinus lividus; the masti- 
catory apparatus is removed. 
a (Esophagus cut through trans- 
versely. h The commissures 
of the^ nerve-trunks, forming 
a pentagonal oesophageal ring, 
c The nerve-trunks passing to 
tho radii, d Bands which hold 
together the tips of the pyramids 
of the masticatory apparatus 
(after Krohn). 
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little inside the calcareous ring ; anteriorly it is limited by the oral 
integument (Fig. 118, w). As it is larger than any of the five nerves 
{li) which it gives off, which is not the case in the nervous ring of 
the Asterolfda and Echinolda, it has more distinctly the significance 
of a central organ ^ in this point some analogies may be made out 
between it and the ganglionic oesophageal ring of other animus. 
But it is clear that it has no real homology whatever with any ring 
of this kind in consequence of the origin of the oesophageal ring in 
the Echinoderma, already described when we were treating of the 
Asterofda. The peripheral nerve-trunks pass out by openings in 
the five larger pieces of the calcareous ring, and extend, becoming 
broader as they go along the outer side of the bands of longitudinal 
muscles to the hinder end of the body ; near the cloaca they again 
diminish in breadth ; they give off fine branches along their course. 
Each radial nerve-trunk may be divided into two layers, which aro 
separated from one another by a layer of connective tissue. A 
vessel accompanies the radial nerves ; this is separated by a wall 
of partition from the ambulacral vessels, which lie still more to 
the interior. The oral ring gives off tentacular nerves, in addition 
to these radial trunks. 


Sensory Organs. 

§ 170. 

Definite portions of the integument have, in this group also, a 
special significance as tactile parts. The tentacles, as well as the 
sucker connected with the water-vascular system, may be reckoned 
as tactile organs, and the former become greatly developed, and 
so of greater importance, when the ambulacral system is reduced, as 
it is in the Holothurolda (Apodia), 

Five pairs of vesicles, which lie on the roots of the radial trunks 
in the Synaptidae, are said to be auditory organs, but their sensory 
function ‘is as doubtful as is that of the so-called eye specks in the 
same genus. 

Visual organs are exactly known in the Asterida only ; in all 
other Echinoderma mere collections of pigment are regarded as eyes 
or eye-spots.^^ The eyes of the sea-stars are placed at the tip of 
each arm, which is ordinarily bent up, and so turned towards the 
light ; they occupy a pad-like elevation of the end of the ambulacral 
groove, the epithelial layer of which is formed of long cylindrical 
cells, and is very thick at this point. The rod-shaped cells contain 
pigment. The eyes lie on separate points of the optic-pad.^^ A 
funnel-like cavity covered by the cuticle has its walls bounded by 
rod-like cells, which are inclined from the periphery to the 
funnel ; in this way their ends form the wall of the funnel. A 
transparent body projects from the pigmented part of the cells into 
the cavity of the funnel, and so fills up the greater part of its lumen. 
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As this apparatus lies on the terminal ganglionic swelling of the 
radial nerves, and the cells give off fine processes to this ganglion, 
the two parts may be regarded as connected at this point (Astera- 
canthion rubens). Each eye which consists of a complex of cells 
is a differentiation of the epithelial layer, and resembles therefore 
the optic organs of other Invertebrata. 


Alimentary Canal. 

§ 171. 

The alimentary canal, which varies greatly in character in the 
adult Echinoderma, has a simpler predecessor in the primitive 
enteron of the larval form, which is similar in all Echinoderma. Of 
course this does not refer to those forms in which there is no larval 
stage, and where the development is compressed. 

The first rudiment of the enteron is formed by the in-growth of 
the cell-layer, which invests the body of the young larva. This gives 
I’ise to a caccal tube, which is pushed down into the body, and the wall 
of this tube forms the endoderm, while the outer cell-layer represents 
the ectoderm. The organism is in fact a Gastrula. The entrance 
into the rudimentary enteron is regarded as the primitive mouth. 
A second invagination soon grows from the other side of the body 
towards the blind end of the enteron ; this unites with the enteron, 
becomes hollow, and so forms a continuous tube with the part first 
formed. The parts formed last are the mouth and the oesophagus, 
which is connected with it, and the part formed first is the mid- and 
the hind-gut. The orifice which becomes later the anus, and the 
portion of the enteron connected with it, are consequently the parts 
first formed. 

The larval intestinal canal is formed of three portions (cf. Fig. 
94, A B), A wide oral opening leads into a contractile tube lying 
in the long axis of the body; this is the pharynx or oesophagus. 
Then follows a wider part, the mid-gut or stomach, which is con- 
tinued into a narrow and retort-shaped tube, which is the hind-gut 
and leads to the anus. These three portions correspond exactly to 
the primitive divisions of the canal, which are distinguishable in 
nearly all Vermes. The mouth and anus are at first on different 
surfaces of the body of the larva. As the body is differentiated, 
especially by the development of the ciliated band, they apparently 
come to lie on one and the same surface, the so-called anterior side. 
It is, however, quite clear that the ciliated band distinctly divides 
two surfaces of the body; a decreased oral, and an increased anal 
surface turned towards the former. 

But before the enteron is fully developed by becoming connected 
with the fore-gut, a portion of it, which forms a closed vesicle, is 
constricted off. Two pieces are then separated off from this vesicle, 

p 2 
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or two new vesicles are formed from the sides of the enteric cescal 
tube. In this way three different bodies are differentiated from the 
enteron. The two-paired vesides, which lie at the sides of the enteron, 
represent the commencement of the coDlom; the third vesicle 
becomes connected with the dorsal ectoderm and opens on to it ; this 
is the commencement of the water- vascular system. This apparatus, 
like the lining cell-layer of the coelom, takes its origin therefore 
from the enteron, and from that portion of it, which is without 
doubt its hinder part, although it appears first of all and grows 
inwards, from what is later on the anus. This arrangement appears to 
indicate that there are arrangements in the water- vascular system, as 
well as in the coelom (for the two are connected together), which are 
phylogenetically connected with the terminal division of the enteron ; 
in this case this tract of the enteron is not homologous with the 
enteron of a Gastrula, but corresponds a priori to a hind-gut, the 
early development of which is clearly due to the complicated 
character of the organs about to be differentiated from it. These 
organs are those which are especially necessary to the organism. I 
consider therefore that the first formed rudiment of the enteron is 
not a Gastrma-enteron, and that its orifice is not the primitive mouth, 
but that they are respectively the true hind-gut and anus. The 
median division of the enteron which is divided from the bind-gut 
is morphologically a part of it. The differentiation of the above- 
mentioned organs out of the hind-gut points to stages in which 
organs were connected with the hind-gut in much the same way as 
they are in many Gephyrea. But as yet it is impossible to prove 
directly that such structures have been passed on to the Echino- 
derma; and it is better to regard these remarkable processes as 
presenting us with a problem which has still to bo solved. 

When the body of the Echinoderm is formed in and partly 
from the larva, the enteron of the larva does not completely pass 
into it. The perisome, when formed, first grows round its middle 
part, and in the sea-stars takes up this only with the hind-gut. In 
the Echinoida the anus also appears to be formed anew. The larval 
enteron is retained most completely in the mature stage of the 
Holothurofda. 

The fully-developed enteron is found to hang, in the mature 
Echinoderm, in a coelom, which is often wide, and undergoes 
various changes during its differentiation, which are generally corre- 
lated with the characters of the perisome. As a rule the mouth 
always retains its position in the middle of the ventral surface of the 
body. 


§ 172 . 

The mouth in the sea-stars has a radiate form, owing to the 
projection into it of interradial processes ; hard papillm and spicules 
are formed by the perisome, and function as masticatory organs. 
Thay are specially developed in the Ophiurida, where they generally 
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form seyeral rows one above the other (Pig. 102, d). In these 
therefore the dermal skeleton forms the organs for the commmntion 
of the food. A short, wide oesophagns follows the month j this is 
continued into a wide mid-gut (stomach), which occupies the middle 
of the • body. In the Ophiurida and many Asterida (Astropecten, 



Fig. 107. Transverse section throngh the arm and disc of Solasterendcca. 
The radial and the interradial portions are figured on opposite sides, o Mouth. 
V Stomachal cavity, c Badial cscca. g Genital gland, m Madreporic plate. 8 Stone- 
canal with its so-called heart, p Ambulacral feet (after G. 0. Sars). 


Luidia) the stomacli is always a blind sac, as it is also in Brisinga. 
But in all Asteroida it is provided with diverticula or caecal 
saccular appendages, which are indicated in the Ophiurida by 
radial constrictions. The gastric caeca of the Asterida extend in 


pairs into the arms 5 they 
spring from the stomach, and 
have the form of thin-walled 
tubes, closely beset with 
lateral appendages (Figs. 
107, c; 108, h), which as a 
rule are united by pairs into 
one canal before they open 
into the stomach. This tract 
represents an unpaired por- 
tion of the enteron belonging 
to each antimere (arm) of the 
Asteroida, while the caecal 
tubes form a paired por- 
tion. In Astropecten auran- 
tiacus these tubes arise sepa- 



rately from the stomach. The Fig. 108. Asteriscusverruculatus; 
unpaired portion in each arm opened on the dorsal surface. a Anus, 
has therefore disappeared in * ^^sette-shaped enlarged enteron (stomach). 

this form, and with it the g Ge^tal glands, 

primitive condition. In most 

of the Asterida the short hind-gut is continued from the stomach 
to the anus, which is placed on the dorsal surface. 

The enteric tube of the Orinoyda(Comatula)is modified; it describes 


a spiral coil, and its narrower short terminal portion passes into a 
tubular and projecting anus, which is placed interradially near the 
mouth. This coiled arrangement, which is apparently very anomalous^ 
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loiy be elso seen in young Asterolda; in tbem it is only seen for a 
feee daring their development^ bat in the Orinolda it is continued 
08 apermanent condition. 

Tjie enteron is attached to the body-wall by radial fibres. The 
radial 'caeca of the AsteroYda are attached to their body-wall by a 
spedal peritoneal fold, which extends along each caecum. 


§ 173. 

In the EchinoYda the mouth is similarly provided with Mastica- 
tory Organs, but they are removed from the outer sur&ce and placed 
in the coelom. They there form an apparatus, which, in the Clypea- 
strida, consists of five pairs of triangular calcareous pieces, but in the 
Echinothurida, Cidarida, and Echinida is much more complicated. 
Five pieces directed towards one another carry a tooth-like point, 
and are united with several others into a complex organ known as 
the "Lantern of Aristotle;” the oesophagus traverses it. The 
enteric tube always describes several coils. The narrow fore-gut 
passes into a wider portion, which forms the longest part of the canal. 
It has sometimes faintly-indicated diverticula (Echinida), sometimes 
veritable caeca (Clypeastrida), which (as in Laganum) project into 
the cavity of body which is marked off by the supporting pillars 
of the calcareous shell. In these forms “ mesenteric fibres ” extend 
to the body-wall for the whole length of the coiled intestine. 

In the Holothurolda the enteric tube, which is longer than the 
body, forms a double loop, while in the Synaptae (with the exception 
of the Ohirodotae) it extends straight through the body-cavity, and 
is provided with numerous diverticula. A muscular portion of the 
enteron which succeeds the oesophagus is to be regarded as a special 
differentiation; it appears to function as a muscular stomach 
(Synaptae). This character is also seen in the AsteroYda, where the 
oesophagus has in the same way a stronger muscular wall than the 
rest of the intestine. The portion of the intestine behind the 
muscular part in the HolothuroYda may thus correspond to the 
stomach of the AsteroYda. The end of the canal is widened out in 
the HolothuroYda ; but this only corresponds to the hind-gut of the 
AsteroYda, although it is called a cloaca; it has two or more arbores- 
cent organs opening into it. 

A sieve-like fenestrated lamella fastens the canal to the body- 
wall. This mesentery is simpler in the Synaptae which have a 
straight canal, while in Chirodota it is separated into three parts, in 
correspondence with the extent of the enteric loop; each part is 
connected with an interradial portion of the body-wall. 
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Appendages of the Alimentary Canal. 

§ 174. 

The above-mentioned radial casca of the Asterolda might be 
regarded as organs differentiated from the primitive enteron^ were 
it not that they must be regarded differently from a phylogenetic 
point of view. I consider 
that only certain other 
interradial caeca are to 
be regarded as appen- 
dages of this kind ; they 
present very various de- 
grees of development. In 
the aproctous Asterida 
they are absent, or are re- 
duced to two (Astropec- 
ten), while in the others 


at their ends, and in Oul- 
cita this division is carried 
still further, so that each 
branch forms a racemose 
tube. In this way these 
appendages acquire the 
form of glands, and ex- 
hibit relationship with a 
structure which is very 
common in the Holothu- 
rolfda. 

The structure in ques- 
tion is connected with the 
terminal portion of the 
alimentary canal, known 
as the cloaca,^^ and 
as a rule consists of two 
chief trunks, with short 
branches, which extend 
forwards throughout the whole length of the body-cavity (Fig. 109, 
r), and are provided with a large number of ramified csscal tubes. 
Although the function of these organs, which were formerly known 
as ^^lungs,^^ and considered to be internal respiratory organs, is 
different from that of the interradial cascal tubes of the enteron of 
the Asterida, yet they are exactly the same morphologically, and 
are a further development of the simpler tubes of the Asterida. 


they are often very greatly 
developed. Archaster has 
five such C 80 cal sacs,divided 



Fig. 109. Enteric canal and tree- like or^ns of 
a Holothurian. o Month, i Enteric tube. 
d Cloaca. a Anus. c Branched stone-canal. 
p Folian vesicle, rr Tree-like organs, r' Connec- 
tion between them, at the opening into the cloaca. 
m Longitudinal muscular layer of the body. 
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The function of these organs is not at all certain. The view 
that they are respiratory organs is opposed to the fact that only one 
of them has any connection with the network of blood-vessels, 
while the other is merely attached to the body-wall, and projects into 
the body-cavity. However, the fact that water is taken up by these 
organs, and is again expelled, chiefly by the aid of the strong 
muscular wall of the hind-gut, is of importance. 

In some Apodia (Molpadia borealis) they are only provided hero 
and there with branched casca, while in others the number of caeca is 
increased. Thus in M. chilensis not only is one of the trees divided, 
but the rectum also bears a number of smaller trees. The organ 
is divided five times in some Lisarmatidae. They are simpler in 
character in Echinocucumis (B. typicus), where they form long fine 
tubes, provided with one short branch only. 

The tree-like organs of the Holothuriae are absent in the 
Synaptaa, but there is an arrangement, which as yet is only very 
incompletely understood; this consists of canals, which are placed 
along the insertion of the mesentery and open into the ca 3 lom by 
funnel-like ciliated orifices (Chirodota pellucida). 

Glandular organs are also present on the rectum of many 
Holothuriae in addition to the tree-like organs. These — the Cuvierian 
organs — either form unbranched caecal tubes, which are inserted 
singly or in thick tufts (Bohadschia, etc.), or they form racemose 
organs (Molpadia), or, finally, filamentous canals, beset with lobate 
tufts of glands, and arranged in a whorl (Pentacta and Muelleria). 
They secrete a substance which forms fine sticky filaments, which 
may servo as organs of defence. 


CcBlom. 

§ 175. 

The development of the coelom from a vesicular structure cut 
off from the earliest rudiments of the enteron (§171) gives to this 
cavity a different signification to that which it has in other divisions, 
where the coelom is not formed from any part of the rudiments of 
the enteron. The importance of this point must not be overlooked. 
But it may well be supposed that the water-vascular system, which 
is developed in just the same way, formed an apparatus which 
primitively formed part of the coelom, and was connected with 
the hind-gut. 

The two coelomatic tubes nipped off from the enteron gradually 
increase in size, and by becoming attached in part to the enteron, 
and in part to the body-wall, form the more or less spacious cavity 
of the coelom. The mesenteric filaments or bands which pass 
from the perisome to the enteron are to be regarded as the remains 
of the walls of these primitive structures. 

As the radiate Echinoderm body becomes developed, the coelom 
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passes into the rays. Thus in the Asterida and in Brisinga it 
extends through the arms. The same thing happens in the 
Crinolda, but in them the canals are narrower. In eadi arm it can 
be divided into three parts, which are connected with special 
divisions of the coelom of the disc. This latter portion is separated 
into several divisions by connective bands, which here and there 
form membranous tracts; they communicate with one another at 
certain points, and at other points pass into the canals. In the 
Echinolda and Holothurolda, where the organism is more concen- 
trated, the coelom is more simple. In the former, however, the 
mesenteric filaments, and still more the calcified pillars and columns, 
which traverse the coelom of the Clypeastridae, remind us of divisions 
into separate parts ; several such spaces are also marked off in the 
coelom of the Holothurolda. In the Asterida and Echinida, as well 
as in the HolothuroYda, the parietal and visceral tracts of the coelom 
have been observed to be provided with cilia. The contents of 
the coelom appear to be the same in character as the blood, so that 
in it we have to recognise a portion of the blood-cavity. In some 
cases communications with the exterior have been definitely observed 
(Orinoi'da) ; as also communications with the water- vascular system 
(CrinoYda, HolothuroYda). The first set are due to numerous 
canaliculi, which traverse the interradii of the perisome, and open by 
the so-called calycine pores. 


Vascular System. 

Blood-Vessels. 

§ 176 . 

The nutrient fluid in the Echinoderma is a clear, or slightly 
opalescent fluid, which is seldom thick or even coloured, and which 
is very probably mixed with the water which is taken in from the 
exterior. The form-elements in this fluid are simple cells. 

The blood-cavity is formed in the first place by a special system of 
canals, but also by the coelom, which is probably connected with a 
third cavitary system, the system of so-called water- vessels. Owing 
to the uncertainty of our knowledge of this Vascular System, that 
is, of its mutual relations and connections, it is as yet impossible to 
make any generalisation which will hold for all the divisions; 
although indeed remarkable progress has lately been made in our 
knowledge of this part of the anatomy of the Echinoderma. But 
from the similarity of construction of these canals and spaces we 
may suppose that a connection between them does really exist. 

The close association of the hasmal system and the nerve-tracts 
may, however, be regarded as a general arrangement. A blood- 
vascular trunk accompanies each radial nerve-trunk, and is continued 
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into a circular canal, whioli surrounds the mouth. The radial 
vascular trunk corresponds to the ventral vessel of the Vermes, 
which has a similar relation to the ventral meduUa. A tube 
which passes from the oral ring to the stone-canal (for which see 
below) was formerly regarded as the heart, but this organ cannot be 
regarded as such. The same remark applies to the similar structure 
in the Echinolda. We have therefore still to search for a heart as 
the central organ of the blood-vascular system. The enteric vessels 
form a second division of the blood-vascular system. 

In the Echinofda the nerves lie within the radial blood- vascular 
trunks ; in the CrinoYda and Holothuroida they lie on their outer 
side, and the same is the case in the Asterida and Ophiurida. The 
circular vessel surrounding the mouth in the Asterida and Crinol’da 
and in the Spatangidae among the Bchinorda, where it has the form 
of a wide sinus, is described as having the same relations to the nerve- 
tract ; although in Echinus there is said to be a blood-vessel placed 
farther from the mouth, and above the masticatory apparatus which 
surrounds the oesophagus. It is probable that this separation of the 
blood-vessel from the nerve-ring is due to the development of the 
masticatory apparatus. In the Holothuroida the adoral blood- 
vascular ring is connected with the nerve-ring, but is placed inside 
it, and nearer the mouth. It may break up into a plexus. The 
aboral vascular ring found in the Asterida and Echinida does not 
appear to have so much morphological importance, as it is confined 
to a few divisions. Other vessels, which surround the generative 
glands, and there form wide sinus-like spaces, pass into it, in addition 
to the vessels from the perisome. In Comatula also a vessel, 
which forms a covering around the genital chord, is continued into 
the arms and pinnulas. In the Asteroida and CrinoYda the vessels 
of the enteric canal are not independent. In Comatula they form a 
network, with wide meshes, in the coelom ; this is connected with 
the oral vascular ring. A bundle of vessels passes from this net- 
work, along the axis of the cup to the centrodorsal plate, forming 
a special organ widened out into five chambers, the importance 
of which is not known. 

The enteric vessels in the EchinoYda and HolothuroYda are more 
independent. A dorsal and a ventral vessel can be distinguished, 
which have just the same characters, as the same vessels in the 
Vermes (cf. § 138). In Echinus the dorsal vessel is double, for in 
addition to the one which runs directly on the enteron there is one a 
little way from it, which gives off branches to the former one, as 
well as to the enteron. In the Spatangidm the ventral vessel has 
been observed to communicate with the water- vascular ring. The 
enteric vascular trunks of the HolothuroYda are enlarged in the 
middle of their course, and the dorsal vessel passes into retia 
mirabilia. 
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Water-Vessels. 

§ 177. 

In describing the ambulacra (§ 160), mention was made of a 
water-vascular system/^ which took in water from the exterior, 
and carried it to the ambulacral organs, which it put into the condition 
of erection. Other organs in addition to the structures which take 
art in locomotion are filled by this system of canals ; and these we 
ave already spoken of as modifications of the ambulacral feet. The 
probability of this system of canals being a portion of the blood- 
vascular system has been already pointed out. Communications 
have been noticed at several points; and in some cases openings 
into the coelom also have been distinctly observed. It is, however, 
not yet certain how far these vessels have been formed from other 
organs. In any case we must still regard the water- vascular system 
as being independent, especially as its development shows that it 
is so, and as an important division of 
the system (stone-canal, etc.) arises as 
a structure, which is primitively 
quite independent of the circula- 
tory system. 

In the larvas of the Echinoderma the 
water-vascular system is formed by a 
differentiation from the earliest rudiment 
of the enteron ; as it gets nipped off, it 
forms a transparent tube, ciliated in- 
ternally, and connected with the integu- 
ment on the back of the larva, where it 
soon opens by a pore. When in this 
condition the organ has a close resem- 
blance to the excretory organs in the 
larvas of many Vermes (Sipunculidse), 
so that from this point of view it does 
not seem improbable that the water- 
vascular system has been differentiated 
from a primitive excretory apparatus. 

This tube, with the other rudiments 
of the Echinoderm (Fig. 110, A), becomes 
gradually surrounded by the perisome ; 
it then changes its form by becoming 
metamorphosed into a five-leaved rosette 
(i). The portion which still continues 
to open to the exterior by the dorsal pore gradually changes its 
position, and gets to lie on the ventral surface of the Echin^erm ; 
each leaf of the rosette is now developed into an elongated canal 
with lateral diverticula ; it is like a pinnate leaf, and forms the 
rudiments of the ambulacral portion of the water-vessels. In the 



Fig. 110. Larva of an Asterid 
(Bipinnaria) with budding 
Echinoderm. ee' d' g g' Pro- 
cesses of the body, h Mouth. 
0 Anus of the larva. A Body 
of the embryonic Echinoderm. 
h Ciliated tube, i Ambulacral 
rosette (Rudiments of the water- 
vessels) (after J. Muller), 



COMPABA-TIVE anatomy. 


H^o&ntolda tli6 similarly rosette-sliaped rudiment forms the oral 
teiitaolee, which have therefore an indubitable relation to the amhu- 
lacral system (§ 162). The succeeding processes which are of any 
importance afEect the central portion of the rosette, in which the 
canals of the five leaves have their common orifice. This is con- 
verted into a circular canal, which continues to form the central 
portion of the apparatus ; the canals in the leaves of the rosette grow 
out radially, and extend whilst the number of their lateral branches 
increases, over the ambulacra, which get larger at the same time. 


formed during the development of the Bchinoderm body. A branched 
vascular system (Fig. Ill) has finally developed from the primitive 
tube, and has its ends directly connected with the suckers (p) and 
other such processes. The radial trunks of this system communi- 
cate with the circular canal (c), and this again is in connection with 

the surrounding medium. We 
have already mentioned the fact 
that in Spatangus the water- vas- 
cular ring around the mouth is 
connected with an enteric vessel ; 
and inasmuch as the contents of 
the two systems of canals are 
similar, it is very probable that 
they do not only communicate, 
but are also to be regarded as 
parts of one structure. 

The connection with the ex- 
terior is of a special nature, and 
is effected in various ways. As the 
Bchinoderm is being differentiated 
in the larva, that portion of the 
rudimentary water-vascular system 
which is taken into the body of 
the Bchinoderm remains connected 
with the perisome at one spot, 
where a porous calcareous plate 



Fig. 111. Diagrammatic representation 
of the water-vascnlar system of a 
Starfish, c Circular canal, ap Polian 
vesicles, m Madreporic plate, m ' Stone- 
canal. r Eadially-an*anged principal 
trunks (Ambulacral canals), r' Lateral 
branches, p Suckers, a Their ampulla) 
(part only of the ambulacral canals and 
their appendages are figured). 


veloped ; this plate communicates 
with the lumen of that portion of 
the canal which is connected with 
it. The duct (m') leading from the 
madreporic plate to the circular 
canal, which also is a portion of the 
primitive water-vascular system, 
has ordinarily calcareous substances deposited in its walls, and 
is therefore cldled the stone- canal; its walls form a complicated 
cavitary system. Water passes into the stone-canal by the cribriform 
madreporic plate, and thence to the circular vessel. It has also 
connections with the coelom. 
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The portion corresponding to the stone-canal is not always con- 
nected with the perisome. In the Holothurolda the connection is 
broken close to the dorsal pore of the larva ; the latter disappears, 
and the stone-canal hangs freely in the body-cavity, whence it takes 
up water by a very complicated and porous terminfid apparatus. 

There are further complications of the water-vascular system, 
due to the formation of contractile diverticula of the water-canals 
projecting into the body-cavity ; these must be mentioned in addi- 
tion to the arrangement, just sketched. These diverticula vary 
greatly in character; on the circular canal they form large pear- 
shaped vesicles (Polian vesicles) (ap) ; where the ambulacral canals 
pass into the sucking feet they form small ampullm (a), which 
always project into the body-cavity, and which may be regarded 
as enlargements or diverticula of the branches of the ambulacral 
canals. They are cavernous in structure. Both these kinds of 
organs serve as receptacles for the fluid passing into the canals, and 
owe their structure to their adaptation to the function of this 
vascular system; that is to say, when the suckers are drawn in, 
their ampullae are always filled, and when the suckers are pro- 
truded the contents of the ampullae swell them out. What the 
ampullae are for the separate suckers, the Polian vesicles of the 
circular canal are for the whole system of canals; that is, they 
allow of a much more rapid action of the ambulacral structures, 
whether these are pushed out or drawn in, than would be possible if 
the quantity of fluid needed for the erection of each separate sucker 
must be first taken in either by the stono-v.anal or the madreporic 
plate. This activity of the ampullae of the suckers and of the 
Polian vesicles of the circular canal is due to the contractility of 
their walls, in which a muscular layer has been made out. The dis- 
tribution of the fluid is also regulated by muscular fibres, which 
here and there enclose the canals. In addition to this the ciliated 
epithelium which is found throughout the water-vascular system 
serves to distribute and continually change the water, and so without 
a doubt render it efficient as an organ 
of respiration. 

§ 178. 

The arrangement already sketched 
in a general way applies most com- 
pletely to the Asteroi'da. In, them 
the stone-canal is always inserted 
into a madreporic plate, which, as a 
rule, is placed interradially on the 
dorsal surface of the body. In some 
cases there are several (2-5) madre- 
poric plates, and the number of stone- 
canals is then also proportionately increased ; this condition, how- 
ever, does not remain constant in the species of the same genus. 
It is to be regarded as the more primitive one; it is important 



Fig. 112. Transverse section throngh 
the Stone-canal of Astropecten 
aurantiaous (after B. Teusoher). 
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therefore to know the earliest rudiments of this arrangement. The 
stone-canal always runs close to the heart-like tube. Calcareous 
bodies are deposited in it and form a fine network ; they do not 
differ from those found in the perisome. They are arranged in 
rings ; internally to them there is- a longitudinal ridge from which 
arise Wo coiled and thinner lamellae, similarly calcified. The cavities 
which commence at the fine pores of the madreporic plate pass 
between these lamellae. The ambulacral canals (Fig. 100, A a) extend 
along the skeleton of the arms, embedded in the ambulacral groove, 
and give off branches to the feet which arise between the lateral 
Wocesses of the segments of the ambulacral skeleton; the ampullae of 
the feet pass inwards through the clefts between the calcified 
segments, and so come to lie within the arms (ap). At the points 
where the ampullae are connected with the ambulacral feet there 
are valves, which shut when the ampullae contract (Asteracanthion 
rubens). The number of Polian vesicles varies ; they are sometimes 
increased in number, and form racemose tufts (Astropecten auran- 
tiacus), or they may be altogether wanting. 

In the Ophiurida the stone-canal is inserted into a plate sur- 
rounding the mouth ; but this plate is not formed in the same way 
as the madreporic plate, but so that the stone-canal takes up fluid from 
the body-cavity only. At the circular canal the stone-canal widens 
out into an ampulla, and is attached to an interradial portion. 
Polian vessels are not always present. The suckers have no ampullae. 

In the Crinoi'da the ambulacral water- vascular trunk runs below 
the radial blood-vessel, and sends branches into the tentacles of the 
arms, as well as of the pinnulae (Fig. 115, w). The radial trunks 
meet in a circular oral canal, which sends off short canaliculi, with 
open mouths, into the coelom. They take the place of the stone- 
canal, which is not present. As there are no ampullae or Polian 
vesicles either, the water-vascular system is in the Orinolda of a lower 
grade than in the other divisions. 

The Echinolda are allied to the Asteroi’da. The madreporic 
plate always lies at the aboral pole ; it is either formed by one of the 
genital plates (Pig. 103, or by several of these, or an interradial 
plate is converted into the madreporic plate, or it is formed by a 
special plate (Clypeastridae). The stone-canal is sometimes soft 
(Echinus) and sometimes provided with firm walls (Cidaris). The 
circular canal, provided with five Polian vesicles (these are absent in 
the Spatangidae), lies in the Echinida at the base of the masticatory 
apparatus, and gives off its ambulacral canals downwards, whence 
they radiate out to the ambulacra. On the inner side of the shell, 
and running along each of the ambulacral areac, are the branches of 
the ambulacral canals, which are distributed to the pores of the 
calcareous plates, and supply the suckers or their equivalents which 
arise at this point ; and give origin to transversely-placed ampullar 
enlargements (Fig. 116, a). 

In the Holothurolda, owing to the separation of the connecting 
piece, which later on functions as the stone-canal, from the perisome 
- 1 -fiia aiihaffl.-neA of the Echinoderm, 
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these parts have a difPerent relation to that which they have in the 
rest of the Echinoderma. The walls of the stone-canal, which 
hangs freely into the coelom, are more or less calcified ; when they 
are more so they form a firm capsule. The porous parts of the 
canal are usually distinguished by calcification, and so repeat within 
the body the arrangements of a madreporic plate. The ends of 
each branch carry a porous 


piece when the stone-canal 
is broken up into branches; 
this repetition of parts leads 
to the formation of race- 
mose structures, which are 
only functionally similar to 
a number of madreporic 
j)lates grouped around the 
stone-canal. The stone- 
canals vary in number, as 
well as in arrangement. 
Often only one is present ; 
in other cases, and notably 
in the Synapta3, there are 
several arranged around 
the circular canal. The 
number too of the Polian 
vesicles (Fig. 113, i?), which 
are present in these forms, 
varies; in Holothuria and 
Molpadia there is one, in 
Synapta Beselii about fifty, 
and in Cladolabes about a 
hundred. 



The canals from the 
circular canal (0) run for- 
wards inside the calca- 
reous ring (jB), and give off 
branches to the oral tenta- 
cles (T) ; a C80cal elongated 
tube, corresponding to the 


Fig. 113 Longitudinal section througli tlio 
anterior part of the body of Synapta digitata. 
R R! Calcareous ring, r Muscles passing from it 
to the oesophagus, o Mouth. I) Enteric tube. 
C Circular canal, t Canals to the tentacles T. 
p Polian vesicles, n Nerve-ring. ?i' Padial 
nerve-trunk, passing through the calcareous ring 
i?'. m Bands of longitudinal muscles. 0 Ducts 
of the generative organs (after Baur). 


ampullae of the suckers, is 

connected with each of them. These tubes are of some size in 


the Holothurida, and lie on the outer side of the calcareous ring ; 
they are only feebly developed in the Synaptidae. The radial trunks 
going to the ambulacra are placed, in Holothuria, in the bundles 
of longitudinal muscles, which are thus divided into two halves. In 
Cucumaria they are placed on the outer side of these muscles. The 
branches of these canals, as in other forms, go to the feet. When 
the feet are atrophied the vascular branches, which go to them, are 
atrophied also ; but the principal trunks appear to persist even in 
the Apodia, for they have been observed in Synapta, although, 
indeed, diminished in size. 
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Excretory Organs, 

§ 179 . 

The arrangements commonly found among the Annulata 
(looped canals, or nephridia) are not found in the Echinoderma, but 
there are signs that these organs, or organs of the same type at any 
rate, are not entirely foreign to the organisation of the Bchinoderma. 
For in the Holothurolfda two canals have been observed to run in the 
wall of the body; and these are beset with infundibular organs, 
which open into the coelom (Chirodota pellucida). In the Synapt® 
also there are organs which correspond to the internal mouths of the 
looped canals of Vermes, but these are not connected with canals. 
Finally, in the CrinoYda ciliated organs have been made out in the 
dorsal canal of the arms, which is a continuation of the coelom. It 
cannot be definitely asserted that these structures are all of the same 
kind, but from the characters of those first mentioned it is probable 
that they have relations to an excretory apparatus. We can as 
yet only suggest that a fundamental relation of the same kind holds 
for the ambulacral water- vascular system. Anyhow the arrangement 
of this system in the bodydoesnot justify us in regarding inquiries in 
this direction as barren ones, for the excretory organ of many 
Mollusca (Nudibranchiata) has the form of a richly-branched system 
of canals; and the communication of the water- vascular system 
with the exterior, as well as with the blood-vessels (or, what is 
the same thing, with the coelom), can hardly point to its being 
anything else than part of an excretory apparatus. 


Generative Organs. 

.§ 180 , 

The asexual methods of reproduction so common among Vermes 
do not obtain in the Echinoderma, except in so far that the animal 
itself is the product of gemmation. An indication of this mode of 
reproduction is, however, retained in the AsteroYda — in the regener- 
ation of lost antimeres (arms). 

Almost all Echinoderma — there are but few exceptions — have 
the sexes separate, and their organs arranged conformably with 
the radiate type. The male and female orgajis are both very 
simple in character, and can only be distinguished easily when the 
generative products are mature, the ovaries being generally dis- 
tinguished by the brighter coloration of the eggs, which are 
yellow or red, whilst the testicular tubes are ^most always 
white. The form-elements of the sperm are very generally fila- 
mentous structures provided with a small head. The generative 
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Fig. 114. Generative organs of an 
Ophini'id (Ophioderma longioauda).^ 
The dorsal integument and the 
digestive organs have been removed. 
T Arms, g Ovarian acini. 


system is simple in structure, tlie excretory ducts are not com 
plicated, and there is no intromitteiit 
organ, so that the surrounding water 
is the medium of communication in 
impregnation. On the whole there 
is a great resemblance to the corre- 
sponding structures found in Vermes. 

The lowest stages, both as to num- 
ber, arrangement, and as to the more 
special characters of the organs, are 
seen in the Asterolfda. The testes or 
ovaries are tubular or lobate glan- 
dular canals, which in some forms are 
arranged in two rows, and disposed 
conformably with the metamerism of 
the arms (Ophidiaster, Archaster). 

In others there are only two groups 
in each arm, which may extend along 
the whole cavity of the arm (this is 
the case even in Brisinga), or may 
be limited to the interradial space 
merely (Fig. 108, g). A comparison 
of these characters shows us, that there 
is a gradual reduction in the number 
of the generative glands, which corre- 
sponds with the gradual centralisation 
of the organism, which we have 
already seen to occur in the Asterolda. 

In the aproctous forms the tubes have 
no excretory orifices, and the genera- 
tive products are passed into the body- 
cavity. We do not yet know how 
they reach the exterior. In other 
AsteroYda the generative glands open 
to the exterior by special plates, dis- 
tinguished by their fine pores (cribri- 
form plates), and placed in the dorsal 
interradh ; or they have a single duct 
with a narrow * orifice (Pteraster). 

Each organ is surrounded by a blood 
sinus, which envelopes the separate 
lobes and lobules. The generative 
products pass into this sinus and are 
not evacuated directly. 

The structure and arrangement of 
the generative organs of the Ophiurida 
is the same as in the Asterolda. There is only one example of 
hermaphroditism (Ophiura squamata). The generative glands (Fig. 
1 14, g) are arranged by pairs in each interradial space, and on the 



Fig. 115. Transverse section 
through the pinnula of a bt^Aumijr 
mature Coma tula (Antedon Esch- 
richti). The dorsal surface is 
turned upwards, and the ventral 
downwards, Tentacle, g Lumen 
of the genital chord, w Water- 
vessel, with lateral branches into 
the tentacles, n Nerve -chord, 
b Blood-vessel on it. eg Canal 
around the genital chord, c d Dorsal, 
cv Ventral canal. All three com- 
municating with the coelom (after 
H. Ludwig). 
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dorsal side; tlieir products appear to pass into the ccelom, whence 
they reach the exterior by the narrow pores placed in the interradii 
of the ventral surface (Pig. 102, g)» In the ovoviviparous Ophiurida 
this cleft may be seen to adapt itself to the necessary size. A chord- 
like structure placed in each arm, and ramifying into the pinnulas, 
forms the generative organs of Comatula. This genital chord is 
surrounded by the blood-vessels just as are the branched tubes of 
the Asterida. In the arms it remains sterile, and its products are 
developed within the pinnulas from the walls of the chord. The 
sperm passes out by the pores already described. 


§ 181. 

The generative glands, which in the Asterol'da are arranged by 
pairs in each radius, are converted into unpaired structures in the 

EchinoYda; this implies 
further centralisation. 
Their relation to the 
primitive condition can 
only be made out from 
their interradial arrange- 
ment, so that each organ 
may be regarded as 
formed of two radial 
ones. They form greatly 
ramified glands, which 
generally project far into 
the coelom (Fig. 116, y), 
and open at the genital 
plates (Fig. 103, g). In 
the Spatangidae one of 
the five genital glands, 
which are the typical set 
for the Bchinoi’da, is 
atrophied, and at the 
same time the genital 
plate, which was the madreporic plate also, becomes the madreporic 
plate only. 

In the Holothuro'ida they are still more reduced. The testis or 
ovary forms a tuft of richly-branched tubes, which unite at a 
common duct (Fig. 113, (?); this opens near the mouth, and 
ordinarily between the tentacles. This indicates a relation to the 
radii; the organs, which in other forms are broken up, are here united 
into one, and the higher grade of organisation, already seen in the 
Echinolda, is still present, as is shown by the presence of an 
excretory duct. 

In the Synaptae the organs are hermaphrodite, and formed 
on the Holothurian type. The various tubular glands are united at 
a common excretory duct, which opens to the exterior above the 



Fig. 116. Generative organs of an Echinus. 
Bather more than the ventral half of the shell has 
been removed, a Ampullas of the ambulacra. 
i Hind-gut. g Ovarian acini. 
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calcareous ring. In eacli tube (in S. digitata) the sperm is developed 
on tbe inner surface, while the ova are formed beneath it, and when 
fully developed form a longitudinal band which projects into the 
lumen of the tube. There is a common duct for both sets of 
products. If this condition must necessarily be regarded as a lower 
one, from which the ordinary dioecious arrangements have been 
derived, we find an interesting phaenomenon in the Synaptee ; for 
while their generative gland has retained its primitive structure and 
primitive function, great changes have taken place, for the glands 
have been reduced in number and degree of complication, and have 
only one excretory duct for the whole apparatus. 



Fifth Section. 


Arthropoda. 


General Review of the Group. 

§ 182 . 

In this division of the Animal Kingdom the body consists of a 
number of metameres, and this number is generally definite for the 
various groups. As a rule the metameres are not all differentiated 
to the same extent ; this is not implied merely by variations in 
external form and size, but also in the characters of the internal 
organs of the body. A number of metameres may be united to 
form larger segments, in which the separate metameres lose their 
individuality. These larger segments sometimes retain indications 
of this kind of composition; but these indications are sometimes 
lost, or only apparent in the early stages of development. This 
state of things results in a desegmentation of the body. 

The movable appendages of the body form another characteristic 
of the whole group ; these appendages are almost always segmented. 
In this point therefore, as in the metameric character, they have 
some resemblance to the Annulata among the Vermes. We do not 
know what are the forms that ally the two groups, and it is not cer- 
tain that the two chief groups of the Arthropoda form a common 
phylum. There are many reasons for regarding the Branchiata and 
Tracheata as being distinct stem-forms. As in the Annulata the 
nervous system consists of an oesophageal .ring connected with a 
ventral ganglionic chain ; while the central organ of the circulatory 
apparatus is here, also, dorsal in position. In the Vermes organs are 
repeated in each segment, but in the Arthropoda they are common to 
the whole of the body ; and even when the metameres are similar 
externally, the internal organisation often gives signs of the more 
confined dominion over the whole body now possessed by meta- 
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merism, as compared, that is, with that which it exercised in the 
Annulata. 

I give the following review of the Classification of the Ar- 
thropoda : 

A. Branchlata. 

1. Crustacea* * * § ). 

a) Entomostraca. 

1. Cirripedia. 

Balanus, Coronula, Lepas. 

Rhizocephala. 

Saccnlina, Pelto^ter. 

2. Copepoda. 

Cyclops, Cyclopsina, Corycflpns, Sapphirina. 

Siphonostomat). 

Califfus, Erpfasiltts, Dichelestinm, Chondracanthus, 
Aclitheres, Lernspa, Lcmieocera, Penella. 

3. OstracodaJ). 

Cypria, Cypridina. 

4. Branchiopoda§). 

Cladocera. 

Daphnia, Sida, Polyphemus, Evadne. 

Phyrtopoda. 

Branchipus, Apus, Limnadia. 

b) Malacostraca||). 

1. Thoracostraca (Podophthalma). 

Schizopoda. 

Mysis, Euphansia., Thysanopus. 

Caridaf). 

Crangon, Alpheus, Palremon, Hippolyte, Peneus. 

Decapoda. 

Macrura. 

Aatacus, Palinurus, Galathea, Pagurua. 

Braohyura. 

Carcinus, Ma ja, Hyas, Dromia, Dorippe. 

Cumacea**^). 

Coma. 

* The appendages are complete in each segment of the body, although they often 
undergo adaptive modifications. They either function directly as respiratory organs, 
or the latter are very closely connected with them. 

f A large number of families are brought together into this special subdivision, 
owing to the more or less complete parasitism they exhibit ; they may be distin- 
guished from free-living Copepoda, but must be considered as derived from them. 
The Rhizocephala bear the same relation to the Cirripedia. 

J They show signs of affinity with the developmental stages of the Cirripedia, by 
the possession of a mantle-fold, which forms the two-valved shell. 

§ This division seems to be the most direct continuation of the Nauplius-form, 
from which stage it is derived by the mere formation of metameres, while the appen- 
dages themselves undergo only slight modifications. 

II These forms, which are allied to the preceding division by the Nauplius stage, 
which is seen in Peneus and Euphausia, represent on the whole a further development 
of the Crustacean organisation. 

^ Connect the Sohizopoda and Decapoda ; sometimes they are classified with the 
latter. 

** They correspond to the lower developmental stages of the Decapoda, for they 
closely resemble the Schizopoda in their form of body. The eyes have no movable 
stalk, and so far they approximate to the Arthrostraca. 
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b) Malacostraca {continued). 

Btomapoda. 

Sqoilla. 

Tanaida* * * § ). 

Tanais. 

2. Arthrostraca (Hedriophthalma). 

Amphipoda. 

GammaruB, Orchestia, Hyperia, Phronyma. 

Lffimodipoda, 

Caprella, Cyamus. 

iBopoda. 

Bopyrufl, Cymothoa, Spheeroma, Oniscus, Asellup, 
Idothea. 

II. Poecilopodaf). 

Limulus. 

B. Protracheatal). 

Peripatus. 

C. Tracheata. 

1. Arachnida. 

Autaraclinse§). 

Arthroffastres. 

Galeodea. 

Galeodes. 

Scorpionea. 

Scorpio. 

Phrynida. 

Telyphonufl, Phrynus. 

Pseudoscorpionea. 

CheUfer. 

Opilionea. 

Phalangium, Opilio, 

Aranea. 

Salticus, Thomisus, Argyroneta, Tegenaria, Mygale. 

Acarinajl). 

Acams, Argns, IxodeP, GaraaBus, Atax, Thrombidium. 

* These form a division which is allied partly to the Thoracostraoa, and partly to 
the Arthrostraca, and which seems to have remained more like the primitive form of 
the Malacostraca. 

f These are connected with the, palmontologically, very old, and completely lost 
division of the Trilobita, through the fossil BeUnuridro. There are many characters 
in their structure and development which point to their being distinct from the 
Crustacea. 

t More exact investigations into the organisation of Peripatus show that this 
animal, which as yet has been generally placed with the Vermes, is the representative 
of a special class of Arthropoda, which must be placed before the Tracheata ; a much 
lower stage is seen in it than in any of the larger divisions of the Tracheata. A form 
seems to be here retained, which separated from the Tracheate phylum, before it 
broke up into its several branches. 

§ The true Arachnida vary considerably in the characters of their body-segments, 
and in the larger sections formed by the fusion of a number of segments. We 
regard those forms in which there are several such sections, in which it is still possible 
to see that they are composed of metameres, as the least altered and most similar to 
the primitive form. The Oyphophthalmid© (Gibocellum) and the Chernetidpe form 
small divisions, which belong to the Arthrogastres ; the former are allied to the 
Opilionea, and the latter to the Pseudoscorpionea. 

II There seems to be no doubt that degeneration is present in these, and is indi. 
cated by the parasitism which obtains in most of the families ; it leads in the family 
of the Linguatulida to a very remarkable change in the form of the body. 
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AataracHnaa {continued), 

Linguatultna. 

Pentastommn. 

Pseudaraolinee*). 

Tardigrada. 

Macrobiotus. 

Pycnogonida. 

Pycnogoniun, Nymphon. 

II. Myriapoda. 

Obilopoda. 

Scolopondra, Lithobius. 

Chilognatha. 

Polydeamus, Julus, Glomeris. 

III. Insecta (Hexapoda). 

1. Apteraf). 

Collembola. 

Symnthuras, Podura. 

Thysanura. 

Campodoa, Lepisma, Macliilis. 

2. Pterygota. 

Pscudoneuroptera. 

Amphibiotica. 

Ephemera, Chloe, Perla., Libellula, Agrion, iEschna. 
Corrodentia. 

Psocina. 

Psocus, Troctos, 

Embida. 

Embia. 

Thysanopodn. 

Thripg, 

Termitida. 

Termes. 

Neuroptera. 

Planipennia. 

Panorpina. 

Panorpa, Bitlacus. 

Sialida. 

Bhaphidia, Sialis. 

Hemerobida. * 

Hemerobius, Cbrysopa, Myrmeleon. 
Trichoptora. 

Phryganida. 

Phryganea, Limnophiliis. 

Strepsiptera. 

Stylops, Xenos. 


^ Very divergent forms are found in both divisions of the Pseudarachnss, and 
have really very little in common except their divergence from the Autarachnse. It is 
not quite certain that the Tardigrada have any relations to the Tracheata. 

+ The two groups united in the division of the Aptera are removed from all 
other Insects, owing to the difference in their organisation ; we cannot therefore place 
them with any one order. Though they have much in common with the Pseudo- 
neuroptera, it is because the latter are so low. Their want of wings must be re- 
garded as a primitive condition, as compared with the adaptative wingless condition, 
examples of which may be seen in nearly all orders of the Pterygota. 
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2. Pterygota (contimied). 

Orthoptera. 

Ulonata. 

Cursoria. 

Blatta* Mantis. 

Saltatoria. 

Gryllus, Gryllotalpa, Acridium, Locnsta. 

Labi dura. 

Forficula. 

Coleoptera. 

Carabus, Hydrophilus, Bilpha, Lucanns, Melolontha, Scarabnens, 
Tenebrio, Meloe, Chrysomela, Coccionella, Lampyns, iJ^later, 
Bostrichus, Curcuho. 

Hymenoptera. 

Formica, Bombns. Apis, Vespa, Sphex, Sirex, Tentbredo, Icbneu- 
mon, Cynips. 

Hemiptera. 

Homoptera. 

Oicadina. 

Tettigonia, Cercopis, Fulffora, Cicada. 
Phythophthires. 

Aphis, Chermes, Coccus. 

Heteroptera. 

Notonecta, Nepa, Hydrometra, Keduvius, Cimex, Capsus, 
LygBBUB, Pcntatoma. 

Pediculiua""). 

Podiculus, Phthirius. 

Diptcra. 

Nemocera. 

Tipula, Simulia, Chironomns, Corethra, Culex. 
Brachycera. 

(Estrus, Musca, Tachina, Syrphus, Bombylius, Tabanus. 
Pupiparat). 

Melophagus, Hippobosca. 

Aphanipterat). 

Pulex. 

Lepidoptera. 

Heterocera. * 

Pterophorus, Tinea,. Tortrix, Greometra, Psyche, Noctua, 
Cossus, Bombyx, Sphinx, Smerynthus, Zygpena. 

Rhopalocera. 

Hesperia, Pieris, Vanessa, Colias, Papilio, 
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Fig. 117. Nanplins of a 
Copepod (Cyclops), a h c 
Appendages. 


Form of the Body. 

§ 183. 

Among the Crnstacea the simplest stage of the Arthrraod body 
is seen in the Nauplius-form (rig. 117). 
The unsegmented body carries several pairs 
of appendages. The body only becomes 
segmented by a gradual process of gem- 
mation^ which has many points of resem- 
blance to the process which brings about 
metamerism in most of the Annulata. The 
most anterior portion of the body of the 
Nauplius which carries the first appendages 
forms the cephalic segment; the posterior 
part becomes the last metamere ; new meta- 
meres are formed between these two, on 
which appendages similaidy sprout. In this 
way an organism composed of a larger 
number of metameres is gradually formed (Fig. 118); the com- 
plication of which, so far as it is due to metamerism, is the product 

of a gradual process. 
This development of the 
form of the body pre- 
dominates in the Ento- 
mostraca; it corresponds, 
probably enough, to the 
phylogeny of those Crus- 
tacea, which therefore 
may be referred back to 
an unsegmented condi- 
tion . In the Malacos traca 
this process of the forma- 
tion of new metameres 
can be made out in a few 
cases only, and the rudi- 
mentary body ordinarily 
consists at the very first 
of a larger number of 
metameres. The con- 
secutive formation of 
metameres is here com- 
pressed ; and the same 
happens in the Poecilo- 
poda and in most Tra- 



Fig. 118. Larva of Branchipns stagnais. 
(second stage), ah c Appendages, mx Endiments 
of the maxillse. F ' Caudal fork, o Eye (afterC. Claus). 


cheata. Although this might seem to remove any doubts as to 
the common origin of the Arthropoda, it is not of so much weight 
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as are the arguments against such a supposition, which are afforded 
us by the differences presented by them in many points of their 
organisation. At present therefore we can only with safety regard 
the Crustacea as haying a monophyletic origin; this is indicated 
by the common Nauplius stage. This stage, wUch is seen in all 
the Entomostraca, obtains in some cases only among the Mala- 
costraca, whence we may conclude that this latter division of the 
Crustacea has a later point of origin than have the Entomostraca. 

The body of the Arthropods, which is formed into metameres 
either by gradual gemmation, or by the immediate differentiation 
of the embryo, gradually loses, to a greater or less extent, the primi- 
tive similarity of its segments. Great changes in external form are 
brought about by the development of some, and the degeneration of 
other, or, lastly, by the concrescence of a number of, metameres. 
As a general rule the metameres are similar in the early larval stages, 
and so indicate relationship to forms in which the metameres are 
still indifferent. The more compact portions of the body, which are 
formed by a fusion of the metameres, bear indications of their mode 
of origin in the appendages which they carry. 

The most anterior metameres are those which most completely 
undergo concrescence. In this way a portion which carries the 
mouth and the higher sensory organs, and especially the eyes and 
tentacles, is formed; this is the head. In the Myriapoda, many 
Crustacea, and Insect-larvae, it is the only portion which is formed by 
the concrescence of a numlDer of metameres. Owing to this con- 
crescence of the metameres the appendages are approximated to the 
mouth, where they aid in taking up food, and are converted into 
mouth-organs. Other differentiations play various parts in the 
different divisions. In the Crustacea a number of metameres behind 
the head unite with it to form a cephalothorax. The other meta- 
ineres are again often divided into two groups, inasmuch as those 
behind the cephalothorax sometimes differ from the most posterior 
ones. They thus form an abdomen and a post-abdomen. The 
segments of the abdomen fuse in the Poecilopoda, where the post- 
abdomen is represented by the caudal spine. 

Special arrangements for the protection of the appendages 
are formed by the folding and extension of the integument. Thus, 
in the Decapoda, the dermal skeleton of the cephalothorax grows 
out at the sides, covers the gills, and forms on either side a 
special cavity — ^the branchial cavity — ^which communicates with the 
surrounding medium. (Cf. § 187.) 

Such developments from the dermal skeleton, belonging to 
several primitive body-segments, may extend over the other divisions 
of the body, and form a ‘^sheir^ for them. The earliest form of 
this is seen in the shield-like, enlarged, cephalothorax of the Phyllo- 
poda (Apus) among the Branchiopoda. When the two halves of 
this structure are further developed we get a bivalve shell (Fig. 
124, d) (Limnadia). In the Cladocera also a portion of the dorsal 
integument is converted into a shell, which covers the whole- of the 
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iterior portion of the body, and in the Ostracoda, as in many 
ilopod^ the two halves of this structure are movably connected 
1 one another on the dorsal surface. In them the valves of the 
ahell extend also over the anterior portion of the body, and so enclose 
the whole animal. 

^e very peculiar modifications of the integument in the Cirri- 
pedia are structures of this kind. The fold, which in the Ostracoda 
IS formed into a bivalve shell, is seen in an early stage in the Oirri- 
pedia. When the animal becomes attached by its antennae, the 
dorsal portion of the integument is converted into a wide sack or 

mantle (Pig. 119, d ef) which 
encloses the body ; the sack and 
the enclosed body are united 
to one another in the cephalic 
region only. The portion of 
this sack, which carries the 
primitive point of attachment, 
either remains soft and grows 
out into a stalk -like organ 
(Xepadida 0 ), or is converted 
into a broad basal surface 
(Balanidae). In many Cirri- 
pedes the whole mantle re- 
mains soft (Alepas). But 
most of them acquire firm 
calcified shell - pieces, which 
are developed in the outer 
lamella of the mantle. The 
rest of the body, with the 
post-abdomen, which is beset with tendril-like feet, is enveloped in this 
mantle, which has the form of a shell, and is in connection with the 
surrounding medium by means of a cleft, which can be closed at will. 

In the Rhizocephala this mantle-like envelope forms a tube, which 
is smooth externally, or a disc, which is marked ofE into symmetrical 
lobes. A narrow orifice, like that which leads into the mantle cavity 
of the Cirripedia, leads into a space which corresponds to this mantle 
cavity, and functions as a marsupial pouch. In the Cirripedia part 
of the typical crustacean body, with its appendages, is enveloped by 
the mantle, and permanently retains its structure ; but in the Rhizo- 
cephala the whole surface of the jointed body becomes converted 
into the mantle. 

Another phaenomenon, due to the mode of parasitism, is corre- 
lated with this atrophy of the body ; numerous tubules are developed 
by the part of the head which is sunk into the body of the host ; 
these tubules, which partly anastomose into retiform plexuses, extend 
to the enteric canal of the host, and surround long tracts of it. Thus 
an apparatus is formed which extracts nutrient fluid directly from 
the enteron of the host, and carries it to the parasite. Many other 
examples of the degenerating influence of the parasitic habit may be 
observed ; as, for example, the varied forms of the Siphonostoma. 



Fig. 119. Transverse section of a Balanns. 
a Mouth of the animal, h Append- 
ages converted into tendril-like structures, 
c Head of the animal, d Mantle-like en- 
velope. e e Movable valves which close 
the shell, ff External shells, m Muscles 
(after Darwin). 
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Peripatuft has a simple form of body very similar to that of the 
Ani^ulata. 

Among the Tracheata the most indifferent condition is found in 
the Myriapoda^ where the metameres are similar and separate. The 
body of the Arachnida is very variously differentiated. The 
Qaleodea possess the largest number of segments. A head is sepa- 
rated by three thoracic metameres from the succeeding and separate 
abdomen^ which is made up of separate metameres. In the Scorpions^ 
however, the cephalic and thoracic metameres are united into one 
portion, and a post-abdomen is differentiated from the abdomen. The 
abdomen is more sharply marked off from the cephalothorax in the 
Phrynida ; the same happens in the Aranea, but they differ in the 
fact that the abdominal segments have undergone more complete 
concrescence. In the Acarina the metameres have altogether lost 
their independence. 

The more richly segmented body of the Insecta presents less 
variety in the distribution of the metameres in different portions. 
In addition to the head, which is formed of several (3) meta- 
meres, there are ordinarily three thoracic segments (Pro- Meso- 
and Meta-thorax), which are either indifferent, as in the Thysanura 
and many Pseudoneuroptera, and are only distinguished by the 
organs appended to them; or they all form a portion which is as 
sharply marked off from the head as from the abdomen (Neuroptera, 
Hymenoptera, Diptera, Lepidoptera) ; or the first thoracic segment 
only is specially modified, while the second and third are closely 
attached to the abdomen ; this arrangement is indicated in the 
Orthoptera (Saltatoria), and well marked in the Coleoptera. 

The characters of the abdomen are affected by its relations to the 
thorax already noted. Its segments are always independent, and 
the terminal ones, several of which are converted into parts of the 
generative apparatus, are often atrophied. 


Appendages. 


§ 184. 


The appendages of tho Arthropoda are paired, jointed struc- 
tures, which are attached to the 


metameres, and can be separated 
into dorsal and ventral appendages. 
These structures are foreshadowed 
by the parapodia which are found 
in the higher Annulata. In the 
Arthropoda these processes are more 
highly differentiated, for they be- 
come jointed (Fig. 120, p), and differ 
greatly in form, in correspondence 
with their different functions; th eir 



Fig. 120. Transverse section of a 
Wood-louse, p A pair of feet, p' Ab- 
dominal appendages, which form a 
thoracic cavity (after Lereboullet). 


lower stage of similarity to one another is only to be 
seen in their earliest rudiments. 
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. Tl» serial similarity, wliioli accompanies the lower grade o£ 
stracture of tlie parapodia in Annelids, is also seen in tjie lower 
t}^es of the Arthropoda, as for example in Peripatus/ the Myria- 
poda, and in many Crustacea (Phyllopoda, etc.). In Peripatus the 
fippendages retain their lowest condition, and resemble the parapodia 
of Vermes; their resemblance indeed to the appendages of the 
Tracheata is merely due to the possession of a movable terminal 
segment, which carries a pair of claws. Two phenomena, which may 
be recognised in these appendages of the Arthropoda, tend to convert 
the muftifid Annelid-like organism into a more compact one. 

The first of these is the metamorphosis of the appendages 
into a series of different structures having the most varied fimctions. 
As the appendages come to differ in function they change in form, 
and become adapted to their new duties. 

The second phasnomenon is the limitation of the number 
of the appendages, which obtains in the higher divisions, con- 
currently with the greater development of heteronomous metameres, 
or with the formation of larger divisions of the body by the fusion 
of its separate groups of metameres. 


Appendages of the Branchiata. 

§ 185. 

The appendages are seen at their simplest in the Nauplius form 
of the Crustacea. At first two, and afterwards three pairs of 
jointed appendages appear in the unsegmented body. They all 
function as locomotor organs (swimming-feet), and are beset with 
setae, which are often arranged in large 
bundles. The first pair of these appen- 
dages (Fig. 121, a) is simple, the second 
and third pairs forked, and this forked 
character obtains in all the succeed- 
ing appendages of the Crustacea. Tho 
first two pairs are distinguished from the 
third pair, and from those which appear 
later on, by their connection with the nerves, 
which arise from the supraoosophageal gan- 
glion, while the third and all succeeding 
pairs are supplied by the lower ganglia. 
With this is connected a difference in 
function, for the two anterior pairs are ordinarily developed into 
antennae. In many Copepoda they still function as locomotor 
organs; they do so most completely in the Ostracoda. In the 
Cladocera also the second antenna is still developed as a swimming 
organ, and this stage is retained by the Phyllopoda during a very 
long period of development. This justifies us in reckoning the 
dorsal outgrowths (the first two pairs) as strictly belonging to the 



Fig. 121. Nauplius of a 
Copopod (Cyclops), a h c 
Appendages. 
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category of appendages even on functional grounds. In the Mala- 
costraca the two pairs of antennae have no relation to locomotion, 
as may indeed be always seen from their form. The hinder pair 
(Pig. 123, at^ IB ordinarily placed beside, and often is larger than, 
the anterior pair {at). (Of. also Pig. 128, a' a''.) 

All the other appendages are ventral in position. When the 
metameres begin to be formed they make their appearance following 
on the first pair of swimming-feet, found in the 
Nauplius ; one pair is distributed to each seg- 
ment. Like tms swimming-foot, and like the 
second pair of antennas they have two ter- 
minal branches; these are not as a rule dif- 
ferentiated to an equal extent, for one branch is 
greatly developed and forms the principal part 
of the appendage, while the other forms an 
appendage to it. It sometimes, however, has 
relations to the respiratory function, and is then 
largely developed. The appendages have very 
different functions, and are so metamorphosed 
as to adapt themselves to these functions. 

Such of these more anterior ventral appen- 
dages as lie near the mouth are converted into 
mouth-organs, and either form jaws 'and jaws 
only, or foot -jaws. The relation between this 
arrangement and the concrescence seen iu the 
cephalothorax, has been already referred to. A 
few pairs only are converted into gnathites in 
the Branchiopoda, and the remaining appendages, 
of which there is a very large number in most 
of the Phyllopoda, have very much the same 
characters, as swimming-feet. The same thing 
happens in the Ostracoda, Copepoda and Cirri- 
pedia. In the last-mentioned group the posterior 
appendages are converted into the characteristic 
cirri (Fig. 119, hh'). The metamorphosis of the 
appendages is seen most completely in the Mala- tiiis. md Mandible, 
costraca ; let us examine more closely the arrange- mx First ; mx ' Second 
ment seen in one of the Decapoda. We here find ^ot^aws^'^rEndo ' 
six pairs of appendages conyerted into gnatMtes, podite^TExopoditei 
in the more anterior of which the form of the dEpipodite. 
Phyllopod foot is retained almost unmodified. A 
pair of strong jaws (Fig. 122, md), are succeeded by two pairs of 
maxilte {mx mx'), and these by three pairs of maxillipedes {^np 
mp' mp"). The latter gradually pass into the locomotor appen- 
dages ; of which there are five pairs (Fig. 123, P* — P^, which are 
attached to the cephalothorax, and together with the maxillipedes 
and maxillae indicate the number of metameres of which it is built up. 
The terminal joint of most of the ambulatory feet forms a scissor- 
shaped termination, owing to the great size of the penultimate 
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joints yrUcli fTOjects over the 



Fig. 123. Appendages of Astaous 
fluviatilis, seen from the ventral 
surface, at Anterior; at' Posterior 
antenna, md' Mandibular piece, mp" 
Third znaxilliped, which covers over 
the other gnathites. P* — Ambu- 
latory-feet. — p^ Swimming-feet 
of the abdomen, p^ Telson. a Anus. 
0 Orifice of the oviduct in the basal- 
joint of the third ambulatory foot. 


ultimate ouaf tMr adra^ement is 
geuer^y most osi the first 

pair leet, series as an 

QTgm of ofEenee; Hhe i^hulatory 
fe^^ aa*well as ^ maxillipedes, 
hare hranchial trifts appte^^ to 
them. , 

A number of feet on the abdo- 
men are converted into delicate 
swimming-feet ; the first of them 
functions in the male as a copu- 
latory organ ; in the female it is 
reduced in size, while the other four 
carry the ova. The last 
pair of appendages are the most 
modified, for they (jp®) form together 
with the last segment of the body 
a powerful caudal fin, of which they 
are the sides. 

The other divisions of the 
Malacostraca present more or less 
marked deviations from this ar- 
rangement in the number of their 
gnathites or of the appendages, 
which are converted into locomotor 
organs and adapted to these func- 
tions. Thus, for example, in the 
wood-louse four appendages arc? 
converted into gnathites, the next 
eight are ambulatory, and tho last 
four form respiratory plates. 

The connection between respi- 
ration and locomotion, as implied 
by the conversion of appendages 
into branchial lamellae, or in tho 
differentiation of gills of various 
form on the appendages, is a 
most important phaenomenon (see 
Branchiae). 


Branchiae. 

§ 186 . 

The tendency to longitudinal division which affects tho appen- 
dages of the Crustacea adapts these structures to the respiratory as 
well as to the locomotor function, by spreading out their joints. 
When the integument at certain points gets thinner it gives rise to 
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arran^m^i^ Jb»j wlii^ th» ezcliange of gases between the blood 
oircnlatiDg nHKhhi appenilages^ and the snrronndmg medium 
is more e^il^ le^ted^ azid^jieanBe^ either the whole appendage 
or a fork ^ it Ip become arraspiratory orgam 

A further. dilEmntiation ^ the same lines^ leads to an increase 
in the iKtt^ber of the respiratory lamellse of an appendage^ or to 
the formation of ftlamentops structures; the reason for all these 
changes is a necessity for increasing the surface. These organs are 
branchiae. The connection between the branchiae and the appen- 
dages as seen in the Vermes is clearly a foreshadowing of the still 
more developed arrangement in the Crustacea, which has here 
become typical. But it is, of course, more than doubtful whether it 
has been mrectly derived from the Vermes. 

The gradual development of gills may be followed out step by 
step through the Crustacea; the functions of respiration and of 
locomotion are often so closely united that it is difficult to say 


whether certain forms of these apj 
gills, or as feet, or as both com- 
bined. The conversion of locomotor 
into respiratory organs can not un- 
frequently be made out in the suc- 
*cessive appendages of one and the 
same individual. The branchiferous 
metameres vary greatly, so that we 
may say that the appendages of 
each segment can form gills, or 
supports for them by developing 
branchial organs from one of their 
two primitive branches. The num- 
ber and special structure, as well as 
the position, of these respiratory 
organs varies. 

Where the feet themselves be- 
come gills, they have the form of 
broad thin lamella3 (Fig. 124, A hr), 
the surfaces of which are adapted 
to effect the exchange between the 
blood that is circulating in them 
and the surrounding water. Organs 
of this kind are common among the 
Branchiopoda, in which, as a rule, 
a large number of feet become gills, 
while, in addition to these, peculiar 
pouch-like appendages may be seen 


>s should be regarded as 



Fig. 12 i<. Sections of Crustacea. 
^ of a Phyllopod (Limnetis) 
(after Grube). B of Squill a (after 
Milno-Edwards). c Heart, i Enteron. 
n Ventral medulla. hr Brancbiso. 
d Fold of the dorsal integument, 
which forms a shell in A. 


to be specially entrusted with the 

respiratory function. The abdominal feet of the Isopoda form 
branchial lamellaa. In the Amphipoda the gills are tubular 
appendages of the thoracic segments, which are ordinarily attached 
to the basal-joints of the feet. In the Stomapoda the original form 
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gives rae to another arrangement — ^the five pairs of abdominal 
swimming-feet bear at their base a mesially-direoted tuft of branched 
branchial filaments {B br). 

From the Schizopoda to the Decapoda we meet with a con- 
tinuous series leading from the simplest relations to the most com- 
plicated ones. Distinct gills are not unfrequently wanting in the 
former (Mysidae), or the gills have the form of ramified additions 
to the appendages of the cephalo-thorax floating freely outwards 
(Thysanopoda). A fold is gradually developed, from the dermal 
skeleton of the cephalo-thorax which forms a plate covering in a 
lateral space above the thoracic feet (p. 235). In this space the gills 
are placed; it becomes a laterally-placed closed branchial cavity (Deca- 
poda), which is in connection with the surrounding medium by means 
of a cleft left between the free edge of this lamella, and the basal 
portion of the feet. As the covering lamella of the branchial cavity 
becomes more closely approximated to the ventral surface of the 
body, the primitively simple longitudinal cleft, which gave entrance 
to the water, becomes divided into two portions, and so gives rise to 
a larger posterior, and a smaller more anteriorly placed opening, by 
which the water which has entered by the larger opening, passes 
back to the exterior, after it has bathed the gills. The gills may 
separate themselves somewhat from the base of the feet, and arise 
from the wall of the branchial cavity, but even then they often 
correspond in number to the appendages. In most of the Decapoda, 
however, the number of gills is greatly increased, the most anterior 
of the ambulatory feet being provided with several gills, while some 
of the maxillipedes also share in this arrangement. The respiratory 
appendages are more distinctly differentiated in the Poecilopoda, 
where the anterior appendages have no appended organs, while the 
five pairs of feet attached to the abdomen are converted into broad 
plates, and carry a large number of branchial lamellae. 

§ 187. 

A more rapid exchange of water around the branchial organs is 
effected in various ways. Most simply, when the appendages them- 
selves function as gills, or when the gills, notwithstan^ng their 
being special organs, are attached to the swimming-feet. The action 
of the appendages produces a continual change of water around 
the organs, and puts respiration and locomotion into direct relation 
with one another. The appendages of the Branchiopoda and the 
swimming-feet of the Stomapoda may be cited as examples of this 
arrangement. In others the exchange of water is effected by a special 
covering-plate of the branchiae which is formed from the modified 
abdominal feet ; this is the case in the Poecilopoda and the Isopoda. 
The water can be renovated, even when the animal is at rest, by the 
continual movement of this covering-plate. 

The formation of a branchial cavity leads to the differentiation of 
new arrangements, by which the exchange of water is effected. In 



APPENDAGES OF AETHEOPODA. 


243 


the Decapoda provided with branchial cavities there are special 
churning organs (flageUa) on either side (Pig. 125, f), which reach 
over the whole of the gills in the form of thin flat processes, and are 
attached to the base of a maxil- 


liped, by which they are kept 
constantly moving (Brachyura). 

The lamellae of the integu- 
ment, which in many Entomo- 
straca carry shells, must be re- 
garded as having a respiratory 
significance. This relation to 
respiration is intelligible when 
we note that a considerable 
amount of blood passes through 
these lamellse of the mantle, and 
that the thinness of the walls of 
these organs presents a condition 
well adapted for the exchange of 
the gases ; and that, further, the 
movements of the appendages 
effect a considerable exchange of 
water within the mantle-chamber. 
When the pallial lamellae become 
more extended (Limnadiaceae) 
they become of greater import- 
ance for respiration, and this 
importance must increase in pro- 
portion to the reduction in num- 
ber of the appendages, which 
lose their respiratory significance 
as less blood passes through them 
(Ostracoda, Daphnida). 

In these cases, however, the 



f 


Fig. 125. BranchiBB of a Braohyurous 
Decapod. The dorsal mtegument has 
been removed from the greater part of 
the oephalothoraz. In the middle is seen 
the ccelom with the intestine arising from 
the masticatory stomach v ; the branchial 
cavities are placed at the sides and laid 
open ; on the right are the branchiic ar- 
ranged in six lamellar rows ; on the left 
four of them have been cut away, as well 
as the flagellum /, so as to display the 
churning apparatus f ' below the gills. 
0 Eyes, d Antennoo. ar A single gill 
cut short at re. 


mantle does not become specially organised into a branchial organ, 
as it does in the Oirripedia. In the Balanidae folded lamellae, which 
have been regarded as gills, appear on the inner surface of the 
mantle-cavity, between its side- wall and base. 


Appendages of the Tracheata. 

§ 188. 

The appendages of the Tracheata are distinguished from those of 
the Crustacea by the absence of the terminal bifurcation, so that 
they are composed of a single series of joints. In Peripatus these 
joints are but feebly differentiated. The terminal portion only 
which carries a claw has any large amount of independence. 

B 2 
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All the TracEeata have a single pair of antennao; in this point 
the Poecilopoda among the Branchiata resemble them. In the 
PoDcilopoda and in the Arachnida these antennae are converted into 
mouth-organs; in the Scorpions and Spiders they are known as 
chelicerae. Notwithstanding these relations these structures are 
homologous with the antennae of the Myriapoda and Insecta, for, 
like them, they are innervated from the supra-oesophageal ganglion. 
They are developed in very various ways among the Insecta, in 
adaptation to the various functions of the sensory organs connected 
with them. 

The ventral appendages are disposed symmetrically, and in 
Peripatus all but two pairs retain this relation ; in the Myriapoda 
most of the appendages are similar in character, but in all the other 
forms these appendages, so far as they persist, take on various forms 
in accordance with their variations in function. The appendages 
of the anterior metameres become mouth-organs; those of 
the posterior metameres are converted into feet, and those on the last 
are often completely atrophied, and often are not even formed in rudi- 
ment. On the whole the number of appendages is much less than in 
the Crustacea ; within the several classes they are always definite in 
number, and the number of gnathites as well as of feet is constant. 
In Peripatus the first two pairs form mouth-organs; the first of 
these is surrounded by the sides of the wall of the mouth, and the 
second pair only lie close to the mouth. In the Arachnida there is 
only a single pair of these mouth-organs. In the Aranea it forms 
the base of a many-jointed palp, which correspond to the chelae of 
the Scorpionea, and to the powerful hooked chelae of the Phrynida. 
In the Mites the pieces or either side are united into a grooved 
lower lip, in wliich the stylet-shaped jaw-parts are placed. The 
four remaining pairs of appendages persist in all Arachnida as feet ; 
the first of these is flagellate in form in the Phrynida, 

There are three pairs of gnathites in the Myriapoda ; the first 
pair is generally developed into a strong jaw ; in the Chilognatha 
the second and third pairs are converted into a kind of lower lip, 
and are said to be represented by a single pair in the embryo ; in 
which case this order has only got two pairs of gnathites. In the 
Chilopoda, however, the second and third pairs are much more inde- 
pendent, and the first pair of feet is also associated with the mouth- 
organs. The other appendages of the body have all pretty much the 
same form ; in the Chilognatha there are two pairs on each meta- 
mere. The last pair frequently loses its locomotor function, and 
forms an appendage which we shall again meet with in a modified 
form in the Insecta. 

The appendages are not therefore separated into mouth-organs 
and locomotor appendages in the same way in all Tracheata ; they 
vary, but not so much as they do in the Crustacea. The develop- 
ment of the ^athites, or rather their differentiation from locomotor 
appendages, is correlated with the development of the head, that is 
to say, the head is formed as a result of this differentiation. 
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§ 189 . 

Three pairs of the primitively similar ventral appendages are in 
the Insecta converted into mouth-organs; the same number are 
formed into feet. The former, arranged round the mouth, may at 
first have well served to seize and 
hold food, just as we see the maxillae 
of the Crab do at the present time. 

In such a stage as this the food is 
seized as well as comminuted. The 
first pair form the mandibles, and 
become parts of the mouth, in the 
form of a single joint. The second 
and third pairs are mauy-jointed. 

But the basal joint only, or a few 
of those succeeding it, which are 
the nearest to the mouth, serve to 
comminute the food ; these parts are 
correspondingly metamorphosed. 

They form the maxillas, and the 
remaining portion of the appen- 
dage looks like a jointed addition 
to it, and functions as a tactile 
organ (palp) ; in this way two 
organs, which work in different 
ways, are differentiated from one 
appendage. 

The most indifferent form of 
gnathite is found in the Aptera; 
in the Collembola they are sunk 
into the buccal cavity, and in the Thysanura they are but feebly 
developed. In the former when the parts of the mouth are in active 
use they can be protracted and drawn in again ; and thus the mouth 
is adapted both to biting and sucking, though, of course, to a 
very small extent. This indifferent condition of the organisation is 
developed along two distinct lines in the Pterygota. 

When the mandibles are well developed they have the form of 
cutting organs, which work on one another; the two pairs of 
maxillae also become cutting organs, and carry palps at the same 
time. This condition is permanent in the Pseudoneuroptera, Neu- 
roptera, and Orthoptera, although indeed points of similarity to the 
more indifferent stage may be seen in the first of these ; and also 
the second pair of maxillae begins to show signs of fusion. When 
these gnathites are fused in the middle line the so-called labium 
is formed ; its palps then become articulated to it as labial palps, 
and indicate the more primitive condition of the organ. The 
mouth-organs of the Ooleoptera are thus metamorphosed. 

These parts undergo more remarkable modifications when they 


Fig. 120. Developmental stages of 
Hydropliilus piceas. .4 An earlier; 
B A later stage. Is Upper lip (labrnm). 
at Antennae and first pair of gnatbites 
(Mandibles), mx Second pair (Max- 
illa). Ji Third pair (Labium), p' p" 
p"' Feet (after Kowalevsky). 
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are adapted to another mode of ingesting food, namely, by sucking. 
In the Hymenoptera, in which these organs can function either as 
sucking or as cutting organs, the parts are of pretty much the same 
form as in the manaibulate Insecta, but the maxillas are consider- 
ably elongated, as is the labium and its palps. A process, the 
tongue (lingua), is developed on the surface of the labium turned 
towards the mouth, and this has two lateral appendages, or secondary 
tongues (paraglossae), at its base. In many these appendages are as 
much developed as the tongue itself. 

The mouth parts can be derived from cutting organs even in 
those insects that are purely suctorial. The Hemiptera and the 
Diptera have the mandibles and maxillae converted into setae; in 
many Diptera the maxillary setae are rudimentary. The labium 
forms a sheath for these setae, which is firm and jointed in the 
Hemiptera, and soft in most Diptera ; this sheath still carries the 
labial palps, or rudiments of them. There is a rudimentary tongue 
on the short upper lip (labrum), which is wanting in the Hemiptera. 
The mouth-organs of the Lepidoptera are differentiated in a 
different way. In them the maxillae are grooved, and united into a 
tube, which forms a spirally-coiled proboscis, which is ordinarily 
of some length ; there are small maxillary palps at its base, which 
are covered by the palps of the rudimentary 
labium, which are generally large. 

While gnathites are found on the metameres 
which fuse to form the head, the succeeding 
appendages form feet, or locomotor organs for 
the next three, or thoracic, metameres. The 
jointing observable in them is of the same cha- 
racter in all, and shows that they have had a 
common origin; more marked differences can 
only be made out in their terminal segments, 
which are more accessible to adaptation. Certain 
peculiarities in them are due to their varied 
modes of adaptation to modified requirements. 

Although the number of three is constant for 
the feet, in many Insects a larger number can 
be made out in the embryo; whence we may 
conclude that they have been derived from forms 
with a larger number of feet. In the Thysanura 
the rudiments of these appendages are retained 
(Fig. 127,^'), even on the abdominal metameres 
(Campodea). The locomotor processes in many 
Insect larvae (Lepidoptera and Tenthredinae) may 
be derived from these rudimentary appendages. 
The paired processes also of the terminal meta- 
meres in the Thysanura, Pseudoneuroptera, etc. are derived from 
appendages. 



Fig. 127. Anterior 
half of the body of 
Campodea fragi- 
lis. a Antennas, p 
Feet, p' Rudiments 
of feet. 8 Stigma 
(after J. A, Palmen). 
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§ 190 . 

Besides antennas^ dorsal appendages occur in no Tracheata except 
the Insects. They are altogether absent in the Thysanura and Col- 
lembola. As they are only present on the post-cephalic metameres 
they are innervated^ like all the ventral appendages, from the ventral 
chord. They cannot be said to have any relations to the branchiae 
of the Crustacea, or to be derived from the dorsal parapodia of the 
Annelides, and they may therefore be fairly regarded as independent 
structures. 

The dorsal appendages have the form of lamellae or filamentous 
processes of the metameres, which are sometimes grouped into 
tufts in the aquatic larvae of the Ephemerida, Perlida, Phryganida, 
etc. These appendages have a respiratory function ; and as tracheae 
pass into them, they are known as tracheal gills. They are 
widely distributed over the body, not only on the dorsal, but also on 
the ventral surface ; and are therefore examples of processes in an 
indifferent condition, of which the dorsal ones placed at definite 
points acquire a typical significance. The lamellar widely-distributed 
forms move in such a way as to be of great importance in changing 
the water, just like the respiratory appendages of the Phyllopoda; 
but they cannot be said to have any locomotor functions. 

The wings must be regarded as homologous with the lamellar 
tracheal gills, for they do not only agree with them in origin, but 
also in their connection with the body, and in structure. In being 
limited to the second and third thoracic oegments they point to 
a reduction in the number of the tracheal gills. It is quite clear 
that we must suppose that the wings did not arise as such, but 
were developed from organs which had another function, such as 
the tracheal gills ; I mean to say that such a supposition is neces- 
sary, for we cannot imagine that the wings functioned as such in the 
lower stages of their development, and that they could have been 
developed by having such a function. 

But if the real cause of the development of these dorsal 
appendages into wings cannot be found in the locomotor function, it 
must be sought for in another. And this is that of respiration, 
which would be well served by increase of surface. Every increase 
of surface increases the respiratory value of the organ, and so leads 
towards its future function. It is no objection to this hypothesis to 
say that ontogenetically the wings are formed and developed later 
than the tracheal gills of other metameres, for these modified 
tracheal gills can only function when the unmodified respiratory 
ones have lost their function. 

In many cases the appendicular character of the wings is in- 
dicated by segmentation, but this can only be regarded as a 
secondary adaptation. It obtains in the movable second pair of 
wings in the Coleoptera and Forficulidee, where the first pair have 
been converted into elytra. 
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In the Pseudoneuroptera both pairs of wings are very similar in 
chaiwter. In the other four- winged orders they have undergone 
considerable differentiations. In addition to the differences in size, 
which in the Hymenoptera and Lepidoptera are generally due to the 
increased size of the first pair, there are differences of structure, 
which imply a difference in function. In the Orthoptera the first 
pair is often merely a covering for the second pair ; this is very 
distinct in the Beetles where the second pair is often rudimentary. 
The elytra have then become organs of defence for the subjacent 
abdomen. In the Hemiptera there is a similar differentiation. 
The Diptera have the anterior pair only, the hinder pair being 
rudimentary, and represented by the so-called balancers (hal teres). 
On the other hand, the Strepsiptera possess the hinder pair of 
wings, or those attached to the third thoracic segment, only. 


Integument. 

§ 191 . 

The integument of the Arthropoda is more independent and less 
connected with the muscular system than in the preceding divisions *, 
it can always be divided into two layers. The cuticular layer, 
secreted by a layer of cells which is often much modified, extends 
over the whole surface of the body just as it does in many Vermes; 
it is also continued into the openings of the internal organs. Owing 
to its strength it forms the most important part of the integument, 
but it varies greatly in thickness and firmness. It is soft and flexible 
between the segments of the body, where these parts are movably 
connected with one another, but it is generally stronger on the 
metameres themselves, and on the appendages. Its physical cha- 
racters vary widely ; there are all kinds of transitions between the 
soft investment of the body of the Spiders and most Insect larvse, 
and the firm carapace which covers the body of most of the 
Crustacea, the Myriapoda, Scorpions, and such Insects as the Cock- 
roach. The variations in its firmness depend not merely on the 
thickness of the cuticle, but on the chitinisation of its layers. Even 
thick layers, when freshly formed, are soft, and only become resistent 
when chemical change occurs. To increase the firmness of this 
chitinous carapace calcareous salts are deposited in it, in many 
Crustacea, and even in the Myriapoda. When this cuticle has be- 
come firm it limits the growth of the body ; in these cases therefore 
so long as growth is going on the cuticle is periodically cast 
(Ecdysis). 

In consequence of its mode of origin the cuticular layer is every- 
where distinctly laminated. As a rule it is traversed by pore-canals, 
into wmch processes of the subjacent matrix are continued. The 
relatively thin ^^matrix^^ of the cuticular layer is homologous with 
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the epidermis of other animals. Although in many oases it contains 
pigment (Crustacea), it is as a rule colourless, the coloration of the 
Arthropoda being generally due to the deposition of pigment in the 
outer chitinous covering. Below this epithelial layer, which is also 
distinguished as the hypoderm,^^ there is a layer of connective 
tissue, but this is, as a rule, slightly developed in comparison with 
the cuticular layer, and the matrix. 

§ 192. 

When the secreted chitinous layers are very firm they take on a 
new function, and form a dermal skeleton, which is not only an 
organ of protection for the organs placed in the body-cavity, but is 
also an organ of support, and provides points of origin and 
insertion for the muscles of the body. This relation holds too for 
the appendages of the body, the integument of which likewise serves 
as a skeleton for them. 

The formation of large unequal regions of the body produces 
changes in the dermal skeleton by giving rise to differentiations in 
it. These are formed by internal processes and continuations of the 
dermal skeleton, which are principally found in those segments which 
carry oral or locomotor organs. These processes are very greatly 
developed on the cephalothorax of the higher Crustacea. But they 
are not wanting in the other classes. They are found chiefly in the 
head and thorax in many orders of the Insecta (Coleoptera, Hymen- 
optera, Orthoptera), where they form a complicated structure 
known as the endothorax.^^ These parts often form an organ of 
support for the nervous system. They are also important as 
increasing the internal surface of that portion of the dermal skeleton 
which gives origin to the muscles, and, in more individualised 
structures, they are closely connected with the differentiation of 
the musculature. 

The shells, too, which are formed from the chitinous investment 
of the mantle-folds of many Branchiopoda and Ostracoda, are of 
importance as skeletal structures ; so too are the shells of the 
Cirripedia. However different they may be in form or size they 
have always the same arrangement. Two pairs of ridges or plates 
surround the entrance into the mantle-cavity and form a movable 
operculum. The shell-pieces developed in the Balanidae, but which 
are rudimentary only in the Lepadidae, gives rise in the former to a 
continuous rigid cell (Fig. 119,//), the only movable part of which 
is the operculum {e) which covers over the entrance into the mantle- 
cavity. 

§ 193. 

Continuations or processes of the integument take on all kinds of 
forms, such as spines, setae, or hair-like structures ; these are modi- 
fied in innumerable ways in the Crustacea, Arachnida, and Insecta ; 
they are sometimes attached closely and immovably to the chitinous 
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carapace^ of whicli they form outgrowths, as, for example, the 
setae in certain parts of the body of the Crustacea, the hairs of the 
Spiders, Caterpillars, etc. ; sometimes they are more developed a,nd 
only loosely attached to the body, like the scales of Butterflies, which 
are also present in other divisions, e. g. in the Thysanura. lu any 
case the chitinous investment of the process is continuous with the 
rest of the integument. In movable appendages of this kind the 
chitinous layer is softer at the point of attachment, while the cuticle 
does not change in character on the stiff processes. Integumentary 
structures, such as denticles and ridges, are also converted into 
organs of voice in many Insecta (Grasshopper, Cicadse). 

There are glandular organs in the integument, which are 
derived from modiflcations of the epidermal layer. They are not so 
common in the Crustacea as iu the Insecta. The secreting portion 
of the gland consists of one cell merely, or of a few ; and its duct 
is principally formed by the pore-canals of the cuticular layer 
(cf.Fig.^p.23). 

The dermal glands are largely developed in certain parts of the 
body in those Insects that form wax. In the Aphides, and still 
more in some Hymenoptera, groups of dermal glands are converted 
into wax-secreting organs. lie spinning glands of Spiders are 
farther differentiations of dermal glands. Glands which lie in the 
abdomen and open by several pairs of papillae placed behind the 
anus (spinning papillae) produce a secretion, which hardens into a 
chitinous filament when exposed to the air, and so forms the thread 
of the Spider’s web. An apparatus, which is only functionally similar 
to this is found in Peripatus. Two groups of ramified tubes pass 
into an excretory duct on either side; this duct, which is locally 
widened out, opens at the base of the second post-oral appendage. 
The secretion is of a sticky character and rapidly hardens. Morpho- 
logically, these organs appear to lead to those which are found in 
the larvae of many Insecta, which, therefore, may be regarded as 
having had a common origin with them. In the larvae of the Lepi- 
doptera, and many Coleoptera and Hymenoptera, there is a pair of 
long and frequently coiled glandular tubes placed beside the enteron, 
the fine ducts of which have a common opening on the labium. 
Their secretion forms the silk-threads of the web of these larvae. 
These “ spinning vessels ” are most highly developed before they 
pass into the quiescent pupa stage (Serictariae) ; after the web is 
made they become atrophied. 

Lastly, other glands seem from their secretion to be poison 
glands, e.g. those which open on the claws of the spiders, and on 
the caudal spine of the Scorpion ; these add to the variety of 
differentiations which the glandular system of the integument may 
undergo. 
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Muscular System. 

§ 194 . 

The muscular system of the Arthropoda is not homogeneous in 
character, like the circular or longitudinal layers in the dermo- 
muscular tube of the Vermes. It is more differentiated, and we 
find separate bundles composed of a varying number of trans- 
versely-striped muscular fibres. Peripatus is the only exception to 
this, and its muscular system, owing to the absence of transverse 
striae from the muscular elements, rather resembles that of the 
Vermes. The dermo-muscular tube is however generally converted 
into a complex of separate muscles, which together form a muscular 
system. As the skeleton of the Arthropoda is an external one, 
the muscles arise from and are inserted into the inner face of the 
hollow cylinder, or portions of a cylinder, which are formed by the 
segments of the body as well as by those of the appendages. This 
development of a dermal skeleton is to be regained also as an 
important factor in the differentiation of the muscular system, in so 
far as separate muscles can only be formed when they have a firm 
point of origin and of insertion. In the number as well as in the 
varied arrangement of the separate muscles, the muscular system 
presents a high grade of development, which always corresponds to 
the varying significance and development of the metameres. It 
differs from the muscular system of the Annelides in corre- 
spondence with the difference expressed by the homonomy of 
their metameres, as compared with the heteronomous ones of the 
Arthropoda. 

When the metameres are similar the muscles of the metameres 
are also similar, and when the separate metameres are unequally 
developed, either by the fusion of a small, or a larger number into 
larger divisions of the body, or by atrophy, there is a corresponding 
want of similarity in the arrangement of the muscles of those parts. 
The development of the appendages greatly influences the develop- 
ment of the muscular system, and when the metameres which carry 
appendages are greatly enlarged in comparison with the rest, the 
muscular system takes a large share in the increase. 

The numerical relation and arrangement of the muscles often 
undergo considerable alterations in those Arthropoda that undergo 
metamorphosis.' This applies as much to progressive as to retro- 
grade metamorphosis. In the former the change leads to a differ- 
entiation into unequal groups ; in the latter to an atrophy of very 
large parts of the system ; this obtains in the parasitic Crustacea 
and in the fixed forms. 
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Nervous S}rstem. 

§ 195 . 

The nervous system of the Arthropoda resembles that of the 
Annelides^ with which it completely agrees in its fundamental 
characters. A ganglion placed above the oesophagus is the cephalic 
ganglion or cerebrum; two commissures from it embrace the 
oesophagus, and form a nervous oesophageal ring, by being 
connected with a ventral ganglion. Prom this inferior ganglion a 
series of ganglia, connected by long commissures, extend along the 
ventral internal surface of the body, forming the ventral gangli- 
onic chain. The greater size of the cephalic ganglion, compared 
with that of the ventral ganglia, has been already seen in many of 
the Annulata ; in the Arthropoda it is ordinarily still more distinct ; 
this condition may be partly explained by its relations to the more 
highly developed organs of sense, if we recognise in the dorsal 
oesophageal ganglion something similar to the brain of the Verte- 
brata. Led by an idea of this kind, some have compared even the 
ventral ganglia, or ventral medulla, with the dorsal medulla of the 
Vertebrata, and have striven to carry the comparison still further; 
these attempts ignore the complete difference between the type of 
structure of the Arthropoda and of the Vertebrata. 

The increase in size of the cerebrum is, as has been above 
indicated, in direct connection with the development of the 
higher sensory organs, especially that of sight ; and its modifications 
are in great part dependent on these. The ventral chain of 
ganglia also undergoes essential modifications, although it is not 
always possible to make out in them a regular dependence on 
the metameric condition of the body. The repetition of similar 
metameres gives rise to similarity of character in the ganglia of the 
ventral chord, and to a regular series of them. Where some meta- 
meres are especially developed, their ganglia also are considerably 
increased in size, while where there is concrescence of the metameres 
an approximation of several groups of ganglia can also be noted ; 
this not unfrequently leads to a complete fusion into several larger 
ganglia, or the formation of a single large ventral ganglionic mass. 

The ganglia of the ventral ganglionic chain are primitively 
paired, and connected by a transverse commissure, as in the 
Annulata. By the shortening of these transverse commissures, an 
approximation, and finally a more complete fusion, takes place. 

The peripheral nervous system arises from the ganglia of the 
central system, that is, of the cerebrum and ventral chain, which are 
distin^ished by the possession of ganglionic cells. The nerves either 
arise directly from the ganglionic portions, or run for some distance 
along the longitudinal commissures, and then pass off from them. 

The higher sensory nerves arise, as a rule, from the cerebral gan- 
glion. This holds especially for the nerves of the eyes and antennas. 
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In addition to the nerves, set apart for the mnsonlar system and 
the integument, there are also nerves for the viscera ; of these the 
enteric nerves are most exactly known. They partly agree with the 
characters which obtain in the An- 


nelides. As separate ganglia are 
embedded in their course, they con- 
stitute to a certain extent an inde- 
pendent nervous system, which is 
called the stomato-gastric nervous 
system.^^ Another special system 
of nerves, which obtains especially 
in the Insecta, arises from the gan- 
glia of the ventral medulla, and is 
known as the sympathetic nervous 
system. 

§ 196. 

The nervous system of the 
Crustacea presents us with a large 
number of examples of the phe- 
nomena described in the foregoing 
paragraph. The relation between 
the size of the cerebrum and the 
development of the optic organs is 
seen in the Thox^costraca, and in 
the large-eyed Hyperida (Phronima) 
among the Arthrostraca, where the 
optic nerves arise from distinct 
lobes ; these lobes are also distinct 
in the Wood-lice. The separation 
of the cerebral mass into various 
groups of ganglia generally implies 
a higher differentiation. With this 
ought to be compared those de- 
generations which affect the cere- 
brum when the optic organs are 
reduced or altogether lost; when 
this happens the antennse also gene- 
rally disappear. Conditions of this 
kind are found in the parasitic Cope- 
poda, and in the Cirripedia (Fig. 
129, B gs), and in consequence of it 
the cerebrum is sometimes repre- 
sented by nothing but a commissure. 



Fig. 128. Nervous system of 

Squilla. o Byes, a' First ; a" 
Second pair of antennas, p Claws, 
provided with prehensile terminal 
joints, p' Eowing-feet ; the last pair 
of the foot-like appendages contribute 
to form a caudal-hn. m Muscles. 

gs Supra-oesophageal ganglion. c 
Commissural chords. gf Thoracic 

ganglia, g" g"' g • Abdominal ganglia. 


The most anterior of the ventral ganglia is connected to the 
cerebrum by a shorter or longer commissure. The length of this 
chord appears to depend on the position of the mouth with regard to 
the cerebral ganglia (that is really to the eyes and antennas). In the 
Malacostraca the length is very considerable (Fig. 128, c ; Fig. 129, A), 
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as also in many lower Crustacea, e. g. the Cirripedia (Fig. 129, B c); 
in others, again, it is so much shortened that the cerebral and ventral 
ganglia form a single nervous mass, pierced by the oesophagus 
(e. g. in Corycaelfdae). 

The ganglia of the ventral chain seem to be most regularly 
distributed to the separate metameres in the Phyllopoda, which, in 
this respect, retain most completely the primitive relations of parts. 

The ventral chord is in them 



the commissure, gi Fused ventral medulla 
(after Milne-Edwards). B Nervous system 
of a Oirripede (Ooronula diadem a). 
gs c gi as in A, a Antennary nerves which 
are distributed in the mantle. Between 
them is the ** optic ganglion,” connected with 
the cerebrum, m Nerve to the stomach, s 
Visceral nerve, which unites with a second 
visceral nerve from the cesophageal ring to 
form a plexus s" (after Darwin). 


composed of a large number 
of pairs of ganglia (about 60 
in Apus), which follow one 
another, gradually losing their 
transverse as well as the longi- 
tudinal commissures; in the 
Daphnida the ganglia have 
the same characters, although 
they are less in number, in cor- 
respondence with the smaller 
number of the metameres. 

Among the Thoracostraca, 
the ganglia of the ventral 
chord also are, for the most 
part, distinct, but in corre- 
spondence with the concre- 
scence of the anterior meta- 
meres into a more or less 
extended cephalothorax, the 
anterior ganglionic masses are 
fused ; this is either more or is 
less distinctly expressed. Thus 
in the Stomapoda (Fig. 128), 
the ganglia which innervate 
the anterior buccal, as well 
as the prehensile feet (p)^ 
form a larger complex (g^) ; a 
series of independent ganglia, 
extending as far as the caudal 
segment, is connected with 
this In the Deca- 

poda Macrura, likewise, con- 
crescence of the 6 cephalo- 
common; while the 6 smaller 


thoracic ganglia seems to be very 
ganglia of the abdomen still correspond exactly to the metameres. 
Further fusion is seen in the thoracic ganglia of some Macrura 
(Palinurus) ; in Pagurus the ganglia of the abdomen are represented 
by one only, in correlation with the shortening of this region. So 
too in the Brachyura all the ganglia of the ventral chain are fused 
into a single one (Fig. 129, A gi). 

Reductions of this kind obtain, also, in other divisions of the 
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Crustacea, and these also are often explicable as being adaptations to 
changes in the form of the body. We find this concentration in the 
Copepoda, where the Oalanidss possess a ventral chain, formed of 
ganglia, whilst in the Corycseldes this is concentrated into a mass 
fused with the cerebrum. So too, among the Cirripedia, the 
Lepadidas have a series of 4-5 ganglia in their ventral chord ; in the 
Balanidaa this is represented by a single ganglionic mass (Fig. 129, 
Bf gi). Similar phaenomena are seen in the Arthrostraca, but as a 
rule they have a large number of ganglia (10-12 in the Amphipoda, 
7-13 in the Isopoda). 

§ 197. 

In the Protracheata the nervous system remains in a lower con- 
dition. A highly developed and closely united pair of cerebral 
ganglia surround the mouth, and give off lateral nerve-chords down- 
wards. They are closely approximated below the oesophagus, and 
then pass ventrally to the hinder end of the body, diverging some- 
what in their course. These nerve-chords are united at their ends. 
Along their whole length they are connected by fine transverse 
commissures (in Peripatus Edwardsii) ; the most anterior of these 
are the most distinct. There are no swellings on the ventral chord, 
and the ganglionic cells are equally distributed in it. This 
arrangement is that of the more indifferent condition of the ventral 
ganglionic chain ; the chain is formed by the separation of the 
ganglionic cells in the longitudinal trunks into separate parts, 
corresponding with the metameres. 

Since in the Branchiata the ventral ganglia are always differen- 
tiated, the arrangement in Peripatus is a lower one, and so far 
justifies us in regarding the Tracheata as an independent phylum, 

§ 198. 

The nervous system of the Myriapoda indicates a well-marked 
step forward, for there is a ventral chord which traverses the whole 
length of the body with scarcely any variation in character, provided 
with ganglia so arranged as to correspond exactly with the metameres. 
The first ganglion which supplies the gnathites sometimes indicates 
distinctly that it is composed of a number of ganglia. The suc- 
ceeding ones differ in size according to the extent to which their 
appendages are developed ; they are arranged at regular distances 
from one another, and in the Diplopoda succeed one another in pairs. 
When the longitudinal commissures are shortened they form closely 
applied swellings (Julidas). An approximation of this kind tending 
to concrescence is ordinarily seen in the last ganglia, even when 
the others are distinctly separated. These ganglia correspond in 
number to the metameres, so that there may be even as many as 
140 (Geophilus). In these arrangements we see a condition which 
is most like the typical form of the higher Tracheata. 
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Among iihe Axaohnidathe ventral ranglia are very often reduced 
and fused. They are all characterised by the dose connection 
between the cerebral ganglia, and tho ventral chord, owing to the 
extreme shortness of the commissures. 

The nervous system is most richly segmented in the Scorpions. 

The feebly developed cephalic ganglion 
gives off two short commissures to the 
ventral chain, which consists of 8 ganglia. 

] A I The first of these is remarkable for its 
1 / V I appears to be homologous with 

^ ^ As/ \1] the single large ganglion in the cepha- 

\ 'Xl yVx y J lothorax of the Spiders. As in them it 

y is the point of origin of the pedal nerves, 
must therefore be considered as com- 
posed of several ganglia. The three suc- 
ceeding ganglia are also placed in tho 
cephalothorax, and the four last, which 
separated from one another, 

f \ ' ®re found in the segments of the tail. 

V/r vU Graleodea and Phrynida, as in 

Aranea, the ganglionic chain is re- 
/ V ' placed by a large ventral ganglion, which 

i V y fejl especially in the Spiders, 

v_3 of a radiate form, and gives off the nerves 

for the ventral appendages, and also two 
which run into the abdomen j in the 
u Galeodea branched nerve-trunks are sent 

fs to the segments of the abdomen. 

Fig. 130 . Nelrons system of . In all these divisions the cerebral gang- 
Thelyphonus caudatus. lion, which is generally distinctly paired, 
8 Cerebral gangUon. i Ventr^ and in the Galeodea (Pig. 130, s) especially 

^iv^Feet^T' Ltfngs !' **0 ^^-rge, gives off nerves for the eyes ; close 
Tail-iike appendage of the by the optic nerves those for the chelicerae 
body (after Blanchard). arise in the Spider, and thus we see that 

these organs are metamorphosed antennas. 
A complete concentration of the central portions of the nervous 
system is seen in the Acarina, where the cerebral ganglia, which 
are often feebly developed, may be replaced by a commissure. The 
ventral medulla, which is large and forms a single mass, exhibits 
numerous traces of segmentation in the arrangement of the gang- 
lionic cells and fibrous elements ; it gives off nerves all round. 

The simple character of the nervous system in the Pycnogonida 
is due to the decrease in number of their ganglia, owing to a reduc- 
tion of the segments of the body ; their cerebrum is connected by 
short commissures with the ventral medulla, which is formed of four 
pairs of ganglia. 
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§ 199. 

In the Insecta, we find a form which corresponds to the primi- 
tively homonomous segmentation of the body at the commencement 
of the process of development; and all succeeding arrangements 
of the nervous system are developed from it. The ventral 
chord traverses, as a rule, the whole length of the body, the 
ganglia being separated by equal distances from one another, 
so that the last ganglion lies in the last segment of the body. 
This character corresponds to the equivalence of the metameres, 
which obtains at these stages, and points to its transmission from 
a lower stage, such as that which we find permanently in the 



Fig. 131. Nervous system of Insecta. A Of Tormes (after Lespes). B Of a Beetle 
(Dyiiscus). C Of a Fly (after Blanchard). gs Supra-cesophagcal ganglion 
(Ccrcbml ganglion), gi Sub-oesophageal ganglion, gr g^ g^ Fused ganglia of the 

ventml chord, o Eyes. 


Myriapoda, It is only when the Insect passes out of its larval 
condition to the perfect one that changes appear. The development 
of some metameres, the intimate fusion of others to form larger 
portions of the body, the greater development of the appendages, 
which persist on some metameres only, with the consequent increase 
of the muscular supply, as well as many subordinate arrangements, 
must be considered as affecting the changes which take place in the 
nervous system. The decrease in number of the ganglia, by the 
shortening of the longitudinal commissures, and the consequent 
fusion of separate ganglia, produces a shortening of the whole 
ventral chord. Owing to the independent character of the head of the 
Insecta, in comparison with the other regions, the first ganglion of 
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the ventral chord, which is primitively composed of three, remains 
embedded in the head (sub-oesophageal ganglion), and takes no 
share in the concrescence which affects the other ganglia ; it is only 
in a few cases — in Insecta degraded by parasitism — that a union of 
this ganglion with the rest of the ventral chord takes place. 

The cerebral ganglion (Pig. 131, ABO, c/s) is almost always 
distinctly divided into two halves, each of which is again composed 
of several smaller masses of ganglia, which are often complicated in 
structure. The ganglia of the ventral chord are primitively paired, 
and often become closely united. On the other hand, the longitu- 
dinal commissures remain double, even when they are closely applied 
to one another. There is also a separation of the ventral chord into a 
superior and an inferior portion which corresponds to a physiological 
differentiation. 

The first ganglion of the ventral chord (G. infraoesophageum) 
S3nds off fibres for the organs of the mouth. The three succeeding 
thoracic ganglia principally give off nerves to the appendages, feet, 
and wings; they are consequently of some size. On the other hand, 
the succeeding ganglia are, as a rule, small, the last alone being 
an exception to this, for it is of a larger size in correspondence 
with its relations to the generative system. 

Even in the Aptera there is a fair amount of variation, for 
11 ventral ganglia (Lepisma) can be made out in the Thysanura, 
while there are only 3-4 in the Collembola. The last portion of the 
ventral chord seems to form a complex of ganglia in many (Orchesella, 
Achorutes). 

As to the Pterygota, the chief point is that of all the orders the 
least amount of metamorphosis is seen in the Pseudoneuroptera. 
In them the ventral medulla traverses the whole length of the body, 
and there are 5-9 abdominal ganglia in addition to the three thoracic 
(Pig. 131, A). The Orthoptera, which have 5-7 abdominal ganglia, 
resemble them in this. 

There are great variations in the Coleoptera. In some the 
ventral chord extends as far as the end of the abdomen, sometimes 
possessing 8 separate ganglia (e.g. in Cerambycidas, Carabidse, 
etc.); in others again the 3 ganglia of the thoracic portion are 
only represented by two, the second and third being fused, whilst 
the abdominal ganglia are also connected into one mass, which im- 
mediately succeeds the preceding ganglion (Curculionida and Lamel- 
licorniaa). In other families there are connecting links of various 
kinds between these conditions which represent the extremes. In 
the Hymenoptera we generally find the thoracic ganglia reduced to 
two, while the abdominal part of the ventral chord has frequently 5 or 
6 separate ganglia. These are in many, however, reduced to 4 or 3, 
and even to one. The abdominal part of the ventral chord is, in the 
Hemiptera, placed in the thorax, and is represented by a ganglionic 
mass connected with the thoracic ganglia, which are also simple, by 
a commissure of varying length. The nerves for the abdomen con- 
sequently take a longer course, and form two longitudinal trunks 
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wLicli arise from the last ganglion. A similar difference in the 
number of the ganglia of the ventral chord obtains in the Diptera, 
where the most primitive characters are seen in Pnlex : 3 thoracic 
and 7-8 abdominal ganglia. In others there is generally a consider- 
able reduction by the fusion of the thoracic, or of the abdominal 
ganglia, or of both (Fig. 131, G). With this is connected the com- 
plete fusion of the ventral chord into one somewhat long knot, in 
the parasitic Pupipara. We find the same characters in the Strep- 
siptera. As to the Lepidoptera there is more uniFormity in them, 
a constant number of ganglia being found 
in the larva, while when it is metamor- 
phosed into the butterfly the mode of fusion 
appears to be essentially the same in all. 

§ 200 . 



The visceral nervous system of the 
Arthropoda shows signs of some common 
characters, together with great variation in 
particular points. Among the Crustacea 
nerve-filaments pass from the oesophageal 
commissure to the enteron, or a nerve passes 
to the enteric canal from the ventral chord. 
(In Astacus from the last ganglion also.) 

Even in the Arachnida nerves are ^iven 
off partly from the cerebrum, and partly 
from the ventral ganglion to the enteron ; 
in the Opilionea the posterior ones are pro- 
vided with a large number of ganglia. 

In the Insccta and Myriapoda the break- 
ing up of the visceral nervous system into 
several portions has been more generally 



Fig. 132. Snpi’a-oesophageal 
ganglion and visceral ner- 
vous system of one of the 
Lepidoptera (Bombyx 
Mori), g .«? Snpra-cesopha- 
geal ganglion (Cerebrum). 
a Antonnaiy nerve, o Optic 
nerve, r Azygos trunk of 


made out; ,we will therefore examine the 
arrangement of it more closely. One part 
forms the so-called paired system, which 
consists of two branches running back- 
wards from the cerebral ganglion to the 


visceral nervous system, 
r' Its roots arising from the 
supra-CDsophageal ganglion, 
ft Paired nerve with its 
ganglionic enlargements s'a" 
(after Brandt). 


sides of the oesophagus ; these form a simple 

chain of ganglia (Fig. 132, s' s") on either side. The number of 
these ganglia varies, and it is often diflBcult, on account of their 
plexus-like connection with the unpaired system, to determine to 
which system they belong. The unpaired system (r r^) arises in a 
ganglion which lies in front of the cerebrum, and is more or less 


connected with it. From this ganglion a thicker nerve (r) passes 
backwards over the oesophogns to the stomach, and forms a 
plexus with the branches of the paired system ; from this plexus 
the neighbouring parts, especially those of the digestive system, are 
innervated. In many Insects this nerve (N. recurrens) forms a single 
ganglion (Coleoptera and Orthoptera), in others several (Lepidoptera) 

s 2 
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There is yet another system of nenre-branohes in connection with 
this plexus ; it is principally applied to the large branches of the 
tracheaSi and the muscles of the stigmata. This arrangement is 
brought about by jt'nerve-filament, which runs on the surface of the 
ventral chain, and is divided into two fork-like branches in front of 
each ganglion (Nervi transversi accessorii). The branches receive 
nerve-twigs from the upper chord of the ventral chain, and pass 
partly outwards to the branches of the tracheae and the muscles of 
the stigmata, and partly backwards, where they unite in the middle 
line, and at the next ganglion repeat this arrangement. 


Scnsoiy Organs. 

Tactile Organs. 

§ 201 . 

The sensory organs of the Arthropods are, for the most part, 
allied to those of the Vermes. All but a few indicate a connection of 

this kind, and these few are to be re- 
garded as arrangements which are 
developed in this division only. The 
carapace-like covering of the body 
of most Arthropods requires special 
organs to produce the sensation of 
touch ; the form-elements of these are 
connected with ganglionic cells, and 
form rod-like nerve-endings. These 
ganglionic cells are generally struc- 
tures which are derived from the ecto- 
derm, and the whole apparatus not 
unfrequently retains its primitive 
position. 

These end organs, which are found 
in the most different parts of the body, 
form indifferent sensory organs, which 
in certain parts take on the form of 
tactile organs (cf. Fig. 133). Organs 
of this kind are mostly found on the 
appendages, where they present rod- 
shaped projecting ends. 

In the division of the Crustacea 
these tactile rods have been recog- 
nised in many forms, and that not 
only on the antennas, especially in the lower Crustacea, but even on 
other appendages of the body. In the Myriapoda and Insecta 
there are tactile rods on the antennas, and in the latter they are 
also found on the tarsal joints of the feet. 



rig. 133. Nerve - ending with 
tactile rods, from the proboscis 
of a Fly (Musca). w Nerve. 
g Ganglionic swelling. 8 Tactile 
rods, c Fine hairs of the cuticle 
(after Leydig). 
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In addition to these tactile rods special organs resembling them 
are found on the antennas of the Crustacea and Insecta ; they are 
sometimes of considerable size, and are innervated in the same way 
as are the tactile rods. In the Crustacea they are formed only on 
the inner (anterior) pair of antennas. In the Insecta they are much 
shorter, and are conical in form. Their position, in addition to the 
circumstance that they are less long than the indifferent bristles, or 
are placed in depressions, makes it probable that these organs have 
another function, and it is very easy to suppose that they are organs 
of smell, or at least of a sensation very much like it. In this case 
the antennae, by the differentiation of special nerve-endings, have 
more than one function, and do not merely preside over the sense of 
touch. 


Auditory Organs. 

§ 202 . 

Auditory organs are not widely known in the Arthropoda, no 
sign of them having been seen in the Myriapoda and Arachnida ; 
on the other hand, in some divisions of the Crustacea and Insecta, 
organs may be made out, which appear to be adapted for the sensation 
of sound. 

There are two principal forms of the organ, which are exactly 
correlated with the medium in which the animal lives. One form is 
found in the Crustacea, and consists of a saccular space, formed by 
an inpushing of the integument ; it sometimes remains open and is 
sometimes closed. These auditory vesicles lie, in most of the 
higher Crustacea, in the basal joint of the internal antennae. Thus 
in Leucifer, Sergestes, and other Malacostraca, as also in the 
Arthrostraca (Hyperida), a pair of these organs may be found in front 
of the cerebrum. As secondary structures they may also be found 
on other parts of the body. Thus in the Mysidae, they lie in the two 
inner lamellae of the fan of the tail. There are firm structures, 
otoliths, in the auditory vesicles, which, when the vesicles are closed 
(in Mysis and Hippolyta), consist of a concretion, which is held fast 
by fine, regularly-arranged hairs. When they are open, as they 
are very commonly among the Decapoda, and also in Tanais, the 
orifice is greatly complicated. The place of the otoliths is here taken 
by grains of sand brought in from the exterior ; these are regularly 
attached by special hairs, which arise from the wall of the auditory 
vesicle. They are like the other hairs of the integument, but are 
distinguished from them by not having their shaft directly con- 
nected with the floor of the vesicle, most of them standing on a fine 
membranous process, to which endings of nerves pass. In this they 
agree with the rod-like processes which carry the otoliths in the 
Mysidce, to which nerves likewise pass. The auditory nerve in these 
forms, in which the auditory vesicle is embedded in the internal 
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^ntennae^ is a branch of the internal antennary nerve. Both struc- 
tures thus represent the end organs of nerves, which are set in 
vibration by the shaking of the firm body (Otolith) which they 
carry, and thus produce an excitation of the nerve. 

The general character of this remarkable system shows us how 
the auditory organs arise from a differentiation of an indifferent 
sensory organ connected with the integument. The auditory hairs 
are only modifications of other hairs of the integument which 
contain nerve-endings, and just like those which may appear on the 
free parts of the body (tactile rods). The formation of the unclosed 
auditory vesicle, or auditory pit, represents therefore a second stage 
in this differentiation; and the change into a closed vesicle is a 
further stage of this phenomenon. 

Hensen, Zeitschr. f. wiss. Zool. XIII. 

§ 203 . 

The other form of auditory organ is found in the Insecta. It is 
principally in the Orthoptera, which are also provided with vocal 
organs, that an organ for receiving the waves of sound can be made 
out. The ordinary arrangement is a tympanic membrane, stretched 
on a firm chitinous ring, one surface being directed to the exterior, 
the other to the interior. On its inner side there is a tracheal vesicle, 
and on this, or between it and the ^Hympanuin,” there is a 
ganglionic nervous enlargement, from which specially modified 
nerve-endings, having the form of small club-shaped rods, arise 
between fine filaments. The tympanum, as well as the tracheal 
vesicles, serves as an organ for conducting sound. The organs of 
perception are represented by the nerve-endings, which are regularly 
arranged. In the Acridida the organ lies in the metathorax, just 
above the base of the third pair of legs, and receives its nerve from 
the third thoracic ganglion. The Locustida and the Achetida have 
the organ embedded in the tibia of the two anterior legs. In the 
former a tympanum lies on either side of this leg, either super- 
ficially, or at the bottom of a cavity, which opens anteriorly by a 
single orifice. Two tracheal branches occupy the space between the 
two tympana, one of which carries the ridge-shaped nervous end- 
organ. This auditory ridge is, in Locusta, formed by a series of cells 
which grow smaller towards one end; each of these contains a 
rod of proportional size. The tympanum in the Achetida lies on 
the outer side of the tibia of the anterior leg. 

Other organs, the nature of which is less definitely settled, are 
allied to these, as by their general structure they represent auditory 
organs ; the presence of the same pencil-shaped body in the termi- 
nations of nerves justifies us in at least ranking these organs with 
the auditory, while, further, such a relationship is implied by the 
ganglionic outspreading of the proper nerve along a tracheal branch. 
The ends of the nerves are directed towards the integument, the 
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chitinous layer of which is always provided with a number of closely- 
applied groups of pore-canals instead of a tympanum. Organs of 
this kind have now been recognised at the root of the posterior wing 
of the Coleoptera, as well as on the base of the halteres of the 
Diptera. 

The two forms of auditory organs in the Arthropoda are indeed 
very different from one another in the details of their arrangements, 
but there is, nevertheless, a connection, for in both cases the chitino- 
genous cellular layer gives rise to parts which carry the special end- 
organs ; in the Crustacea these are connected with processes of the 
integument, the auditory hairs ; while in the Insecta they are con- 
verted into the small pencils, and are consequently differentiated in 
another direction ; they remain within the dermal skeleton, and have 
no relations to the processes of it. No homology can be made out 
between these organs, owing to the diversity of their position, and 
from the fact that more complicated organs are derived from an 
elementary arrangement, which is distributed generally in the 
integument. 

Leydig, Arch. f. Anat. n. Phya. 1856. — Gsabes, V., Die tympanalen Sinnesap- 
parate der Orthopteren. Denkschr. d. Wiener Acad. M. N. 01. Bd. XXXVI. 


Visual Organs. 

§ 204. 

In the visual organs of the Arthropoda we meet with points of 
resemblance to certain forms of eye found in the Vermes j to those, 
namely, in which a number of end*organs of the optic nerves are 
placed directly beneath the integument (Sagitta, Hirudinea, etc.). 
But they have no close affinity to the more developed eyes of the 
Annelides, which are distinguished by the possession of a separate lens 
(§ 125). In Arthropoda, as in other forms, the integument is the spot 
at which the eye is differentiated; 
its mode of composition out of the 
elements of the integument will be 
understood by a reference to the sub- 
jacent diagram; although, of course, 
this does not represent the simplest 
condition. The cuticular layer of 
the integument forms a biconvex 
thickening over the eye (/) ; this 
forms a refracting but also a defen- 
sive organ, and functions therefore 
as a cornealens. The eye, which is 
formed from the hypodermic layer 
{h), lies behind this lens. Around it 
the hypodermic cells elongate and change their position; they become 
pigment cells (p). The optic cup, into which project transparent 



Fig. 134. Section through tho simple 
eye of a young Dytisous larva 
(after Grenacher). 
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cells {g)y which at first are placed beside the pigment cells, comes 
next. These cells represent a vitreous body. Lastly, there are the 
cells (r) which form a kind of retina ; these are connected with the 
optic nerve (c), but converge towards the exterior, and so towards 
the posterior surface of the lens, where they undergo various kinds 
of differentiation. The vitreous body, pigment cells, and retina 
are therefore clearly continuous with the ectodermal layer (hypo- 
derm), and are differentiations of it, just as the cornea-lens was 
formed from the cuticular layer, which again can be derived from 
the hypoderm. The elements which compose the eye undergo 
various differentiations. A special structure, the “ rod,^^ is generally 
differentiated in the anterior end of the retinal cells. When a 
number of these cells are united into a single apparatus the rods also 
become united, and form a special structure, the rhabdom,^^ in 
the long axis of a group of combined retinal cells. The retinal cells, 
which give rise to the rhabdom, constitute a retinula.^^ The cells 
in the vitreous body in front of the retinal cells may also undergo 
great modifications. Each group separates off a transparent highly 
refractive substance, which forms the so-called ^^crystalline cone 
the apex of this is turned towards the rhabdom, and its base towards 
the integument, i.e. to the cornea-lens. 

Owing to the different development of the various parts, and to 
the various ways in which they are combined, the optic organ 
of Arthropoda becomes very varied in character. Muscular fibres 
sometimes enter into the composition of the eye, and appear to 
form a focussing apparatus. 

These eyes belong to the head. The optic nerve arises from 
the cerebral ganglion. In all divisions the eyes may undergo 
degeneration, and even completely disappear. Eyes are but seldom 
developed on other parts of the body, as they often are in the 
Annelides, so that the presence of eye-like organs on the thorax and 
abdomen of the Schizopod genus Euphausia is a rare exception. 

§ 205 . 

The simplest eyes, although indeed their structure is not yet 
exactly known, are found in the Entomostraca. Each eye appears 
to possess one crystalline cone only, which is sunk into a mass of 
pigment, and is generally separated from the integument. Two such 
eyes, which are generally placed immediately on the cerebrum, are 
characteristic of the Nauplius form of the Entomostraca. There are 
two eyes, connected in the middle line, placed close to one another, 
and fused into one organ by the connecting pigment ; when they 
are not placed on the cerebrum itself, they are carried on a median 
process of it. The Cirripedia and Rhizocephala have eyes during 
their larval condition ; the latter lose them later on. In many free- 
living Copepoda the eye is more or less distinctly divided into two. 
In that case there is another and larger eye on each side, in addition 
to the larval eye. Each of these is generally provided with a 
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ci^ystalline cone of some size, in front of whicli a corresponding por- 
tion of the cuticular layer of the integument forms a lens-like organ 
(Oorycasidaa), The presence of several crystalline cones in each eye 
forms an intermediate step to the more complicated form of eye. 
As the integument, which is found over the simple pair of eyes, 
becomes thickened into two facets corresponding with the crystal- 
line cones, these structures resemble in their mode of formation the 
cornea-lenses. 

In addition to the median eye, which is sometimes represented by 
a mere speck of pigment, the Cladocera and Phyllopoda possess two 
compound eyes, from which it may be concluded that the median 
one, which corresponds to the eye of the Nauplius, is a special 
structure, which does not become developed into the permanent 
eye. This larval eye is probably a transmitted arrangement. 

By their power of movement, and their position immediately 
below the chitinous carapace, the eyes of the Branchiopoda form an 
intermediate step towards those in which the chitinous carapace takes 
a more direct share in forming the optic organ. Further, the position 
of the eye, on a stalk-like process (Artemia and Branchipus), presents 
a point of affinity to the podophthalmate Malacostraca. 

Two types of eye are derived from these conditions, which aro 
very common in the higher divisions of the Crustacea, and in the 
Tracheata. According as the elements of the retina, which form 
the perceptive apparatus, unite into a compact simple organ, or as 
these organs are themselves part of a more complicated structure, the 
optic organs are distinguished as simple eyes (Stemmata, Ocelli), 
or as compound eyes. The cuticular layer of the integument 
takes a greater or less share in the formation of this apparatus. 

The simple eye (Fig. 134) is commonly found in the larval 
forms of the Insecta, and there are generally a number of them on 
either side of the head. In the Thysanura this form appears to 
persist. The chitinous layer forms a cornea-lens over each eye. In 
many Insects we find these simple eyes in company with the compound 
ones, between which they are placed, generally^ in twos or threes, 
and on the frontal surface. They are distinguished from the 
compound eyes by being composed of a large number of retinal 
elements, which are covered by a simple comea-lens. 

In the Myriapoda the eyes, which are placed in one or two rows, 
vary in number (4-8). It seems as if we had the larval stage in the 
eye of insects permanently represented, but we have no exact 
knowledge on the subject. 

In the Arachnida the arrangement is much the same. There 
are numerous peculiarities both in the arrangement and number 
of their eyes. Two large eyes are, in the Scorpions, approximated 
to one another, and on each side there is a group (2-5) of smaller 
eyes. In the Spiders and Phrynida there are, as a rule, 8, more 
seldom 6, symmetrically distributed on the anterior part of the 
cephalothorax ; they generally vary in size ; in the Opilionida there 
are only 3 or 4 in the same place, the largest of which are placed on 
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an elevation of the cephalothorax. In the Pycnogonida 4 eyes occupy 
a similar position. On the other hand they are reduced to 2 in many 
Mites^ and so also in the Tardigrada ; in many parasitic Mites they 
have completely disappeared. The principal point in their structure 
is the presence of a cornea-lens, which is ordinarily very large in each 
eye ; behind this is a layer of cells, which represents the vitreous 
body, and to this the retina is attached. In the Aranea the retina is 
formed in two ways, the eyes directed anteriorly differing in structure 
from those which are turned upwards. That is to say, the retinal 
cells of the former surround a small longitudinally bisected rod at 
their anterior end (Epeira). 


§ 206. 

The compound eye is characterised by the above-mentioned 
fusion (§ 204) of a number (7-4) of retinal cells into a structure 
which surrounds the rhabdom — the ^^retinula^^ (Fig. 135, 0 r). 
The eye is made up of these retinulaa, each of which is enveloped 
in pigment. The multifid crystalline cone lies in front of the 
retinula. Two of these structures are represented in Fig. G, The 
crystalline cones may be made out in front of the retinulas, and be- 
hind the cornea-lenses (c). The whole arrangement is easy to under- 
stand, when we derive it from the simple eye. A reduction of the 
retinal elements of the simple eye gives rise to the retinula, and a 
compound eye is formed by the gradual concrescence of a number 
of simple eyes. Most of the Crustacea have eyes of this kind. In 
the Cladocera the movable eye (Fig. 136, oc) lies in a cavity roofed 
over by the integument. In the Lasmodipoda also the cuticular 
layer of the integument seems to take no part in forming the eye. 

On the other hand in the Phyl- 
lopoda we meet with a faceting 
of the inner surface of the cuticle 
covering the eye, the facets corre- 
sponding to the crystalline cones. 
In the Isopoda the compound eye 
still consists of a number of simple 
eyes, distinctly separated from one 
another. When a number of these 
structures, which form the end- 
organs of an optic nerve, are closely 
connected together, a process, con- 
vextowards the outerface, is formed, 
the size of which is dependent on 
the number of the ^^retinulm^^ (Fig. 
135). The chitinous covering of the 
whole eye is either smooth on its 
surface, and only forms on its inner 
face curves, which correspond to each of the crystalline cones, or it 
forms convexities for each of the separate crystalline cones, or even 



Fig. 185. A Diagrammatic section 
through a compound Arthropod- 
eye. n Optic nerve, g Its ganglionic 
swellings, r Hetinulm. c Faceted 
cniicnlar layer, each facet of which 
forms a cornea-lens. B A few cnticular 
facets, seen from the surface. C Two 
rctinulm, r, with their cornea-lenses, c. 
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marks off each separate area (B). (Faceted eye of the higher 
Crustacea and of the Insecta.) 

The number of the elements which make up one of these eyes, as 
well as their size, and the form taken by the several parts, may 
undergo various modifications. The crystalline cones are generally 
present in this kind of eye in the Crustacea, but in many Insecta 
the cells (crystalline cells), which in other eyes are differentiated 
into crystalline cones, persist without forming crystalline cones. 
Lastly, in many, the primitive condition of the retinula, in which the 
separate cells, each with its rod, may still be made out, persists 
(Tipulidae). The projecting character of the eye, owing to its curva- 
ture, may lead to a stage in which the eye is stalked. When still 
more developed this stalk may be movable (Podophthalmata), 

Grenacheb, H., Untersuchungen iiber das Arthropodenauge. Beilageheffc zu 
don klin. Monatsbl. fur Augenheilkundo, XV. Jahrgang. 


Alimentary Canal. 

§ 207. 

The enteric canal of the Arthropoda is differentiated in much the 
same way as in Vermes. The endoderm encloses what yolk-material 
is not used up in the early stages of differentiation, and this is 
absorbed during the gradual processes of further development. The 
mouth and anus, and the connected parts of the enteron, are not 
developed according to any general rule. When the enteric walls 
are completely differentiated the nutrient canal forms a tube, which 
traverses the whole length of the coelom, and is but seldom adapted 
to the metameres of the body ; it begins by a mouth, which is placed 
on the ventral surface, and extends to an anus, which, as a rule, is 
placed in the last metamere. The external chitinous covering of the 
body extends into the fore- and hind-gut; in the mid-gut, which is 
formed from the endoderm, it is replaced by a soft cuticle. The 
appendages (§ 189), converted into masticatory and other organs, are 
Rouped round the mouth, and a process, which is formed from the 
integument, joins them as an upper lip. 

§ 208. 

The enteric canal of the Crustacea is distinguished by the 
straightness of its course, and the slight extent to which its divisions 
are complicated. The mouth, which is ventral, is often placed some 
way back, so that the fore-gut, which arises from it, runs forward 
at first, and then turns backwards at a sharp angle. The terminal 
portion of the ordinarily narrow fore-gut is known as the pharynx 
or oesophagus; it is generally widened and distinctly marked off 
from the succeeding mid-gut ; in many forms a wedge-hke process 
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1km flkmyxK. {nxqeote into the mid-gut, The walls of this portion 
nrSi ns n vole^ stronger, and its inner surface is often distingaishea 
hy iiie possession of a firm chitinous framework, which is pro- 
Tided With tooth-fiike processes turned towards one another, and 
moved by muscles; these ridges, spicules, or setss, are derived 
from the chitinous membrane, which invests this portion. They 
form an apparatus which serves for the comminution^ of the 
ingesta; and hence this -portion is known as the masticatory 
stomach. As a rule it is of considerable size, and is regular in form, 
owing to its firm framework. It is most largely developed in the 
Decapoda (Fig. 143, v). In the Entomostraca it is small, or not 
developed at all, while in the Isopoda among the Arthrostraca the 
small masticatory stomach is provided with a fairly complex frame- 
work, of which there are indications also in the Amphipoda 
(Gammarus). 

The mid-gut (Fig. 136 t) forms by far the longest portion of the 



Fig. 136. Organifiation of a Daphnia. a Tactile antenn do. jr# Cerebrum, oc Kyo 
i Enteric canal (mid-gut), h Cmcal tubes at its commencement, g Shell gland. 
c Heart. I Labrum. ov Ovary, a An Egg in the brood-space (o') formed between 
the body and the mantle (after Leydig). 


enteric tube, and varies greatly in width, and in the formation of 
caBcal diverticula. In many cases it has the same calibre all along; 
iu others it is widened somewhat anteriorly, or mesially (" Chyle- 
stomach^^) ; or the widened portion extends over the whole of the 
mid-gut ("Chyle-intestine^^ of the Isopoda). 

There are cmcal diverticula at the commencement of the mid- 
gut, in all orders of the Crustacea. They arise as paired, and 
seldom as unpaired, caeca. In the Copepoda they are found 
only in a few genera ; in the Branchiopoda they are more common, 
and form either a single pair of short caBcal tubes (Fig. 136, h) 
(Daphnida), or are more richly branched (Argulus, Hedessa), or 
arise from the enteron in greater numbers, and are differentiated 
at their ends into glandular organs (Apus). We find that the same 
phasnomenon of metamorphosis of the enteric caeca into secreting 
organs obtains in the Malacostraca, and at exactly the same spot. 
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They become wliioli wfll be considered when we come 

to speak of the appendages of i^e mid- 
gut- 

The hind-gut forms the shortest^ and 
generally a narrower portion of the enteric 
tract. It is seldom widened mesially^ and 
in a few only is it provided with caecal 
appendages. 

The ninction of the enteric canal is not, 
in all Crustacea, limited to digestion. In 
some (Astacus, Limnadia, Daphnia) an 
almost rhythmical taking-in and driving- 
out of water may be observed in the hind- 
gut, so that this portion appears to have a 
respiratory function also. 

In many lower Crustacea the enteric 
canal undergoes degeneration. It disap- 
pears in the degenerate males of the para- 
sitic Copepoda, and in some Cirripedia 
and most Ehizocephala, where nutrition is 
effected by other means (cf. suprd, p. 236). 
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Fig. 137. Digestive organs 
of a Spider. oeCEsoph^as. 
c Sapracesophageal ganglion 
(Cerebrum), v Stomach. 
v' Its lateral processes, 
v" Appendages directed up- 
wards. i Mid-gut. r Cloacal 
widened end of the enteron. 
h \ Openings from the liver 
into the enteron. e Urinary 
canals (after Dagfes), 


divided into a larger 
Tho narrow 


The three divisions of the enteric tube 
are distinctly marked off in the Protra- 
cheata ; the mid-gut, which is distinguished 
by its width, forms the largest part of it. 

The enteric tube of the Arachnida is 
number of segments, except in the degenerate forms, 
fore-gut (Fig. 137, oe) leads into a 
mid-gut, which is generally elongated, 
and has its more anterior portion (v) 
frayed out into lateral cascal sacs. 

These are absent in the Phrynida 
and Scorpionea. In the Aranea there 
are five pairs of them (v% which 
extend to the base of the legs and 
palps. In the Galeodea four pairs, 
the last two of which are bifurcated, 
extend into the appendages (feet, 
claws, and palps) ; in the Pycnogo- 
nida these caeca extend almost to the 
end of the appendages (Fig. 138, i). 

The presence of these parts greatly 
increases the internal cavity of the 
stomach. 

In the Acarina these caecal sacs are confined to the body ; there 
are generally eight of them, but any diminution in number is 



Fig. 138. Digestive organs of 
AmmothoS pyonogonoides. 
a Stomach, b Cmca (after Quatre- 
fages). 
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compensated for by tbe branching of the caBca. The Opilionida are 
provided with a much greater number (about thirty), and a median 
pair is provided with secondary appendages. 

The portion of the mid-gut behind the stomach varies in length ; 
when it is long it is widened out towards its end, and is separated 




Fig. 111. Its imago, i Head. . 2, 3, 4 Thoracic segments. 
5-13 Abdominal segments, V Fore-gnfc. M Mid-gut. 
E Hind -gut. gs Cerebral ganglion, gi Sub-oesophageal 
ganglion, u Ventral ganglion, vm Malpighian vessels. 
C Heart. 0 Generative organs (after Newport). 

off from the hind-gut by a constriction ; this 
latter is almost always widened, it is pretty 
long in the Scorpionea, but shorter in Galeodes, 
where it has a ceecal sac. In the Aranea also, 
and in the Acarina, the hind-gut (Fig. 137, r) 
is of a considerable width. 


Fig. 139. Larva of a » oia 

Lepidopterons Insect § 210 . 

(Sphinx lignstri) j seen 

from the side. The Myriapoda and Insecta agree in the 

mode of arrangement of the chief tracts of 
their digestive system ; which at the same time cflosely resembles 
what obtains in Peripatus. Of the three divisions of the digestive 
tube the fore-gut only prepares the food, and the mid-gut has the 
principal share in digesting it. As a rule it forms the longest 
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portion, and at the same time undergoes the largest amount of 
differentiation. 

When most simple the enteric tube traverses the coelom in a 
straight line ; in this point the Myriapoda resemble the lower stages 
of the Insecta. In the Myriapoda the hind-gut is seldom very long ; 
when it is, it is looped, A portion of the mid-gat still more rarely 
takes part in forming this loop (Glomeris). 

The simple character found in most larvae does not persist in 
most .divisions of the Insecta; in most the separate portions get to 
vary greatly in character, and these changes are, as a rule, correlated 
with the appearance of the imago-stage. They are really due to the 
great differences in the relations of the animal to external conditions, 
which now commences. 

The mode of life seems to be of^ the greatest influence on the 
general configuration of the alimentary canal, and there is often a 
greater length of tube in the phytophagous insects — as, indeed, 
frequently happens elsewhere in the Animal Kingdom — than in 
those which live on animal matters. The character of the food is 
also another cause which comes into consideration; we find, that 
is, simpler characters in the intestines of those insects which live on 
fluids, while there is greater complication of structure in those 
which subsist on solid food. 

These characters are seen most strikingly on comparing the 
digestive tube of an insect larva with that of a developed insect ; 
we see, for example, a caterpillar (Pig, 139) provided with a wide 
tube running straight through the body. This arrangement is 
adapted to the enormous amount of food which is taken every 
day ; while the butterfly, which takes in only a little food, and 
that fluid, has a canal which is longer indeed, but much more 
delicate (Fig. 141). 

Further, the difference between the enteric canal of the perfect 
insect and that of its larva depends on a change in the relations of the 
various divisions of it ; while, in the larval stage, the mid-gut is 
ordinarily the largest portion, it becomes gradually shorter, and the 
hind-gut is proportionately increased in length. Thus the enteric 
tube ceases to be a straight one. The increase in length of the 
separate portions produces curvatures of the tube, which is now 
longer than the whole body-cavity, and these may lead to the 
formation of various coils in it. These affect the mid- and hind- 
guts, while the fore-gut most completely retains its primitive course 
(cf. Pigs. 139-141). 

Fresh differentiations in the various portions are connected with 
these, so that the boundaries between them often disappear. The 
mid- is distinguished from the fore-gut by its glandular character, 
and where the latter has appendages, or diverticula, they serve for 
the reception and the further comminution of the food ; in the latter 
case they have the characters of a gizzard. Finally, the hind-gut is 
characterised by the Malpighian vessels which open into it. 

Plateau, F., Bech. sar la phenom. de la digest, et sur la struotore de I’appareil 
digest, ohez lea Myriapc^es. M6m. Acad. Belg. XLII. 
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§ 211 . 

The gut in the Thysanura, and in most Pseudoneuroptera and 
Neuroptera, is most simple in character, and least different from 
that of the larval form ; some of these (Panorpa) have an enlarge- 
ment at the end of the fore-gut; this is the masticatory 
stomach. The Orthoptera are distinguished by the possession of 
a stomach of this kind (Fig. 142, A t?), which has long rows of 
chitiMus plates on its inner surface. It is also found in the 
Coleoptera (Oarabidae, Cicindelae, Dytiscidae, etc.), where it carries 
setae and ridge-like projections. Many Hymenoptera (Formica, 
Cynips) also possess it, as do the larvae of the Diptera. 

Another differentiation seen in 
the fore-gut of many insects (Hemip- 
tera), which is always short, is an 
enlargement which may be present 
all round, or on one side only. When 
it surrounds the oesophagus it serves 
as a crop (ingluvies) (/) ; this is the 
case in many Coleoptera and in the 
Orthoptera. This dilatation of the 
fore-gut is found in the Hymenop- 
tera (Wasps and Bees), but in them 
it functions as a sucking organ, and 
leads towards the formation of the 
Sucking stomach, which is found 
in other insects. It also forms a 
vesicular thin -walled appendage, 
which is attached on the course of, 
or to the end of the fore-gut; in 
the Lepidoptera this opens directly 
(Fig. 141, F'), and in the Diptera 
by means of a stalk of varying 
length (Fig. 142, B, v s). In the 
Hymenoptera also an independent and stalked sucking stomach is 
formed (Crabro). In the Hemiptera it appears to bo replaced by 
an enlargement of the fore-gut, which is frequently multi-sacculate 
(Bugs). 

The mid- gut (^^ chyle-stomach ^^) is no less varied in character. 
In many Coleoptera it is provided with short tubes, either along its 
whole length or in separate segments ; these are known as glands.^^ 
At its commencement we sometimes, and especially in the Orthoptera, 
find caecal prolongations; as we do also in some families of the 
Diptera. In the latter it is ordinarily disposed in coils (Fig. 142, B v), 
in correspondence with its great length. The same occurs also in 
the long mid-gut of some Coleoptera (e.g. Melolontha), of Bees and 
Wasps, and of many Hemiptera ; in these forms further divisions 
are differentiated in it. 



Fig. 142. A Digestive canal of the 
Field-cricket. B Of a Fly. oe (Eso- 
phagus. i Its crop.like enlargement. 
V Stomach, c Its appendages, r Hind- 
gut. vm Malpighian canals. 
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In some cases the mid-gut ends blindly and has no connection 
Iprlth a hind-gut. This happens in the l^a of Bees and Wasps, of 
the Ichneumonida, and of many Diptera, etc. 

The hind-gut in the Insecta generally forms the shortest portion 
of the straight alimentary canal. It is often divided into two por- 
tions, the second of which is widened out (^^rectum^^) (Fig. 142, A 2? r). 
In the Ooleoptera (as in Dytiscus) its narrower and anterior por- 
tion appears to be of considerable len^h, as in many Orthoptera, 
where a larger number of divisions, varying in width, can b§ made 
out ; it is longest in the Cicadae : in all of these forms it is disTOsed 
in coils. As in many the Malpighian vessels, which belong to the 
hind-gut, open very far forwards, it appears as if part of the last 
division of the hind-gut had passed into the mid-gut, although, 
indeed, this rather seems to indicate that the mid-gut has been 
reduced in length. 

The widened terminal portion of this part of the enteric canal is 
distinguished in a large number of Insects by papilliform ridges, 
which project into it : in these we find many tracheal branches. This 
portion in many aquatic larvae of the Libellulidae has numerous 
lamellae arranged in longitudinal series, and provided with closely- 
packed tracheal ramifications. The lamellae act as organs of respira- 
tion during the in-and-out flow of water, which is caused by the 
opening and closing of the anus (cf. Fig. 150, B 0). There are 
many intermediate forms between these tracheal gills, and the 
papilliform processes of the hind-gut (in the larvae of the Phry- 
ganeidae), so that these organs can be seen to be homologous. 

Plateau, F., Bech. sur lea Ph^nombiieB do la digest, chez lea Insectea. M4m. 

Acad. Belg. XLI. 


> Organs appended to the Digestive Canal. 

1) Appendages of the Fore-Gut. 

§ 212 . 

Glandular organs are differentiated in the various portions of 
the alimentary canal of the Arthropoda. The salivary glands, 
which open into the fore-gut, are but slightly developed in the 
Crustacea. Groups of unicellular glands have been made out in 
some divisions. On the other hand, we find them more widely 
distributed in the Tracheata, where they may have various functions ; 
but as yet we have but very little exact information as to how they 
open. The great point which is undetermined is, how far they open 
into the mouth itself, or are connected with the fore-gut. But the 
glands which open into the gnathites of Peripatus (§ 193) must be 
mentioned here* Among the Arachnids, the Scorpions have two 

T 



COMPAEATIVE ANATOMY. 


iU 

pairs of lobed glands ; in the Galeodea they are partly represented 
by coiled tubes, and in the Aranea, likewise, these organs do not 
appear to'be wanting. The salivary glands are highly developed in 
Mites, where there are several pairs of them, which vary in structure ; 
the secretion of them is probably partly used as poison. 

* In the Myriapoda, there are simple tubular (Julus), or lobed 
(Lithobius), or even racemose glands (Scolopendra), which are 
probably salivary. 

In the Insecta the salivary glands are very variously developed 
as to number, form, and histological structure. It is therefore 
certain that they also vary greatly in function. It is in a few only, 
as the Ephemerida, Libellulida, and Aphides, that they appear to be 
completely wanting, or only feebly developed, as in the Myrmeleonida 
and^Sialida. In others, they are long coiled tubes, or lobed or 
greatly-branched organs, which frequently accompany the enteric 
canal for a certain distance. There are often two, and not un- 
f requently three pairs of them, which vary greatly in structure. A^ 
to their external form and their distribution in the difPerent groups 
of the Insecta — ^they have the form of a pair of long tubes in the 
Ooleoptera, Diptera, andLepidoptera; in the order of the Hemiptera 
and Orthoptera branched, racemose, or lobed forms predominate, 
as also in many Ooleoptera. 


2) Appendages of the Mid-gut. 

§ 213. 

Another group of glandular organs is differentiated from the mid- 
gut. They are regarded as a liver. According to their points of 
connection with the enteron, two different organs must be here dis- 
tinguished from one another. One of them is connected with the 
most anterior portion, and has the form of simple or branched tubes, 
which, when more largely developed, form a compound glandular 
apparatus (cf. § 208). The ends of these tubes seem to be secretory 
organs, but their ducts, owing to their wide lumen, form cavities of 
the enteron. The organ is, therefore, not yet completely differenti- 
ated from the enteron. This arrangement is seen in the Branchio- 
poda, and, among them, most markedly in the Phyllopoda ; some 
have a simple or branched cascal tube on either side (Fig. 136, h ) ; in 
others it is converted into a liver (Limnadia, the greater part 

of which is placed in the cephalic shield. The Girripedia have similar 
organs. In the Arthrostraca these cascal tubes (Fig. 143, A h) are 
long organs, which pass backwards and vary in number. They are 
not branched, but this is compensated for by their increased length. 
They have the same form in the Schizopoda, but in most of the 
Thoracostraoa, as in all the Decapoda, they are formed by a paired 
mass of glandular matter, which fills up the cephalothorax and is 
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grouped in tufts. Inasmucli as in the larvae of the Deoapoda they 
are mere diverticula of the wall of the enteron, it is clear that 


they are only more de- 
veloped stages of those 
simpler tubes, which are 
found in many Entomos- 
traca. 

A second form of this 
hepatic organ is distin- 
guished from the former 
by the larger number of 
its separate glands, and 
by the more backward 
position of its opening 
into the mid-gut. Indi- 
cations of this are even 
found in the Copepoda 
in the form of several 
succeeding diverticula of 
the mid-gut. They are 
more developed in some 



Fi^. 143. Enteric canal and liver of Crustacea. 
A Of Onieous. JB Of a larval Palinnrns (Phyl- 
1 0 s 0 m a) . V Masticatory stomacli. i Chyle-stomach. 
a Anus, li Hopatic tubes. 


Isopoda (Bopyrus), where 

they beset the whole of the mid-gut in the form of paired and 
branched tufts of glands. In the Stomapoda also we find a larger 
number (10 pairs) of lobate tufts of glands placed all along the 
mid-gut. 


The two forms cannot be directly derived from one another, for 
those parts which carry glands in the former groups do not 
do so in the others. It is possible that both kinds of organs were 


united in a common stem-form. If so, we can imagine the whole 
mid-gut beset with caeca, from which two sets of glands were de- 


veloped ; in one the most anterior pair were developed, and in the 
other suppressed, whilst the hinder pair was more or less largely 
developed. These hinder glands distinguish the mid-gut of the 
Poecilopoda, where they have the form of two pairs of branched 
tufts. 


Among the Tracheata we find similar differentiations of the wall 
of the enteron in the Arachnida ; in which division we must regard 
them as acquired organs only. The anterior pair are not, however, 
always developed into glandular organs, but persist as more or less 
wide pouches or tubes ; these have been already fully described as 
stomachal emea (§ 209). In the Opilionida they are exclusively 
glandular in character. In the Scorpionea and Aranea separate tufts 
of glands open into the hinder portion of the mid-gut. The Aranea 
have two or three (Fig. 137, A), the Scorpionea five pairs. 

These appendages are not found in the Myriapoda or Insecta, 
and the absence of diverticula from this portion of the enteron during 
development shows that any diverticula, which appear in it, have 
merely a secondary significance. 

T 2 
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8) Appendages of the Hind-gut. 

§ 214. 

The glands differentiated off with the hind-gut^ which is itself 
generally short, do not secrete anything, which is of importance in 
digestion or absorption. Their secretions are rather of the excretory 
series. And as we have chemical evidence to show that these matters 
resemble the urinary excretions of the Vertebrata, we may regard 
these bodies as being excretory organs, without thereby pre- 
judicing any relations, which they may have, in some cases, to other 
functions. 

In the Crustacea we sometimes meet with csecal organs on the 
hind-gut, as for example in the larvae of the Copepoda, but we 
cannot safely form any opinion as to their significance. It is pro- 
bable that the concretions found in the walls of their entera are of 
an excretory character. 

Excretory glandular organs are very generally found in the 
Tracheata; they arise as diverticula of the enteron, and have the 
form of long canals, which may be simple or branched, and which 
are often arranged in several coils or loops on the enteric canal ; they 
open into the terminal widened portion of the enteric canal, and 
almost always behind the mid-gut. They are known as Malpi- 
ghian vessels, or, from their function, as urinary canals. As they 
are formed at the same time as that portion of the hind-gut, which 
in the embryo is developed from the ectoderm, it is not improbable 
that they primitively opened on to the surface of the body, or were 
derived from organs which did so. In all divisions there are two 
chief canals, as is often seen at the point where a large number of 
canals open and unite j this number may therefore be regarded as a 
primitive character. 

Among the Arachnida they are, in the Scorpionea, simple canals, 
which run between the lobes of the liver; one pair of them is 
branched. The urinary canals of the Aranea are much branched, 
and united into a plexus ; they unite into two common excretory 
ducts (Fig. 137, e), by which they open into the wide hind-gut, or its 
caecal sac. In the Opilionida they form two long highly-coiled 
canals ; in the Acarina, where they are sometimes provided with 
bi’anches, they are of a similar form. 

An equally small number of simple urinary vessels is found in 
the Myriapoda; the Julida have one and the Scolopendrida two 
pairs. They are allied, not only by their number and simplicity of 
structure, but also by their arrangement on the alimentary canal, to 
the corresponding organs of many Insect larvae. 

The greatest variation in number, arrangement, and special 
structure ^tains in the urinary vessels of the Insecta. They are 
wanting in the CoUembola, among the Aptera, and in many Thysanura 
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(Campodea), but four are present in Lepisma. The function of the 
urinary canals is notably increased in the Insecta, which have a 
perfect metamorphosis, during their larval stage, as is shown not 
only by the great development of these organs (Pig. 139, vm), but 
also by the quantity of urine which is collected in the hind-gut 
during their pupal stage. This phaenomenon corresponds exactly 
to that period in which the most intense plastic activity is going on 
in the organism, in connection with the 
development of the perfect body. It is 
clear that the function of the Malpighian 
canals of the Insecta is not to be found 
exclusively in the excretion of urine ; but 
that an older hypothesis, according to which 
they were regarded as organs for the excre- 
tion of bile also, is not altogether without 
justification, is seen from the fact that por- 
tions of this canal have a different struc- 
ture, while the secretion in these portions is 
different also. 

The brownish-yellow, or light-yellow 
coloration of the urinary canals is due to 
the substances deposited in the cells of the 
canal-wall, and is more intense when secre- 
tion is more active. Most of the Diptera 
(Pig. 142, B vm) and Hemiptera have two 
urinary canals, which are connected with 
one another; there are six canals in the Portion of a Mai. 

Lepidoptera, in many Nocturnal flies, and vomitoria. tr Traoheso. 
in several Pseudoneuroptera (Termites) ; I Lumen. Tc Nucleus, 
there are four to six in the Coleoptera; 

the Hymenoptera are distinguished by a large number of short 
urinary canals, and indeed hundreds have been found in them, and 
in many Orthoptera (Fig. 142, A vm). As a rule they are seldom 
branched; but we often meet with loop-like connections between 
their ends. They open at apparently very different points, accord- 
ing to the length of the hind-gut. They open v^ far forwards in 
the Cicadse, Diptera, and Lepidoptera. In the Hymenoptera they 
open just behind the mid-gut. 

Where the canals unite to form a common excretory duct there 
is a circular layer of muscles (Gryllotalpa). Separate circular fibres 
are very seldom found in the secretory canals (Brachinus). 



§215. 

As the embryonic body is differentiated, a cavity, the Cho^lom, is 
formed in the endoderm between the enteron and the wall of the 
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l}ody, just as in tlie liiglier Vermes; it is found in all the Arthro- 
poda. There are no signs in the Arthropoda of the dissepiments 
found in the Annulata in correlation with the metamerism of their 
bodies. This shows that their relationship to the Annulata is, to say 
the least, a very distant one. In all cases the coelom forms a portion 
of the blood- vascular system, so that the perienteric fluid found in 
many Vermes as a fluid different from the blood is represented in the 
Arthropoda by the blood itself. 

In most Arthropoda some of the form-elements of the mesoderm, 
which are not applied to the ectoderm — to form the wall of the 
body — or to the endoderm to form the wall of the enteron — ^persist as 
a number of cells, which are not apportioned to any definite organ. 
These masses of cells remain in various parts of the ccnlom, and are 
often found, just like other connective substance in the Arthropoda, 
between the separate organs embedded in the coelom. 

Sometimes all of these cells remain indifferent, and form, by 
uniting with one another, cords or networks. As a rule, however, 
they are differentiated. Drops of fat are formed in them, which 
either fill up the cells in a regular manner, or run together into larger 
drops ; in consequence of this these cells are comprised under the 
name of fat-bodies. This fat is sometimes variousfy coloured 
(yellow or red). Cells of this kind, containing fat-drops, have been 
observed in the Crustacea, and especially in the Bntomostraca, 
where they are sometimes very large in comparison with the size of 
the aniraaPs body, in which they are distributed in a constant and 
regular manner. This justifies us in supposing that they have some 
hydrostatic significance. 

Deposits of this kind are most largely developed in the Insecta, 
where the fat-body, especially in the larval stages, consists of 
large cells, connected to one another by processes, and filling up a 
large part of the coelom. We must not suppose, however, that 
these cells contain nothing but fat. This tissue is that in which the 
material, which is partly used up in the pupa stage, is deposited ; in 
consequence of this not much of it is found in the adult Insect. The 
cells vary greatly in their mode of connection. This may be close, 
so that the fat-body forms lamellae, or connected lobes, which are 
connected with branches of the tracheal system ; or the cells are 
loosely connected together. In the most extreme case the cells may 
lie separately in the coelom, where they must not be confounded 
with the much smaller and more indifferent blood-cells. 

The cells of the fat-body in the Tracheata also serve for the 
deposition of excretory matters, which are known to be urates. 
These form crystalline concretions, or larger spheres of the form of 
small granules, which call to mind the renal concretions of the 
Mollusca. Among the Arachnida they are found in the Mites ; they 
are found in the Myriapoda (Julus, Polydesmus, Glomeris), and are 
very common in the Insecta. They do not seem to be altogether 
absent from the Crustacea^ for similar concretions have been observed 
in Asellus. 
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The luminous organs of the Lampyridas are special modifica- 
tions of the fat-body. They are formed of plates of cells, to which 
a large number of tracheal and nerve branches are sent. On their 
inner side they are covered by other cells, which are not luminous, 
but which are loaded with a large number of urinary concretions. 
The superficial position of the luminous plates shows that they 
belong to the epidermal layer (hypoderm). 

The regularity of the coelom, along the long axis of the body, is 
modified by the muscular system. Where this is greatly developed 
(as in the cephalothorax of the Crustacea and Arachnida, and in 
the thoracic metameres of the Insecta) only a small space is left for 
the coslom. The processes, too, of the chitinous skeleton are the 
cause of variations in it ; chiefly by forming smaller cavities, as they 
especially do in the Crustacea, In the Insecta a subneural cavity is 
formed by muscles, which in some of them are inserted into the 
chain of ventral ganglia. In others similar muscles run horizontally 
from one side to the other of the abdomen, and so likewise mark off 
a portion of the coelom. 


Vascular System. 

§ 216 . 

This system of organs, which in the Vermes had become highly 
developed, seems to be less so in many of the Arthropoda, chiefly 
because the coelom generally forms a portion of the vascular system. 
There is, therefore, no difference between the blood and a peri- 
enteric fluid. 

As a rule, a dorsally-placed vascular trunk is alone de- 
veloped to any great extent ; this functions as a heart, and seems to 
be homologous with the dorsal vascular trunk of the Vermes, parts 
of which may also function as hearts. But it seems to differ by not 
being connected with the enteron. The blood is either driven to 
the anterior, or to both ends of the body, by the cardiac tube. This 
dorsal cardiac tube of the Arthropoda is not, however, provided 
with afferent vessels, and the blood which passes into it does so by 
narrow venous ostia; so that, although a peripheral system of 
vessels may in some divisions be formed from continuations or rami- 
fications of the arterial vessels, or by the differentiation of vascular 
canals from portions of the coelom, yet close to the heart a sinus is 
formed from a portion of this latter. This “pericardial sinus 
appears, therefore, to be a portion of the coelom ; and the slight 
development of the vessels which obtains in many Ajrthropoda is not 
to be regarded as a degeneration from a more perfect stage, but as 
a low stage, which is correlated with a less amount of development. 
It is still an open question whether, and how, this simpler form of 
the vascular system is connected with the arrangements which are 
found in Vermes. 
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“The localisation of tlie respiratory function leads to complication 
of the vessels ; even where the vessels are not provided with separate 
walls the hlood always flows in a definite and constant direction. 

The blood- fluid of the Arthropoda is^ as a rule, colourless; in 
a few Insects only it has a greenish, or red colour, owing to the 
coloration of the plasma. The formed constituents of the blood 
are indifferent colourless cells, very variable in form and size. They 
are wanting in many (lower Crustacea). The blood-cells of Insects 
are often distinguished by the large number of fine fat-molecules in 
them ; but these must not be confounded with the cells of the fatty 
bodies, which are often also free. 

§ 217. 

The simplest form of a circulatory apparatus in the Branchiata 
is that of a short tubular heart (cf. Fig. 136, c, of Daphnia), which is 
placed above the enteric canal in the anterior part of the body, takes 
in the blood by two lateral orifices, and drives it by a short anterior 
vessel to the cephalic organs, and especially to the cerebral ganglia. 
The blood is distributed in regular currents throughout the body, 
and, passing by the parts which serve chiefly as respiratory organs, 
again reaches the heart, which it enters by the slit-like orifices m it. 
This form of circulatory or^an characterises the Copepoda and 
Cladocera; but it is also seen in the larval stages of the higher 
orders, and even in the developmental stages of the Decapoda, 
where it is but slightly modified. The simple forms cannot there- 
fore be regarded as bemg degenerated from more complicated forms. 
The circulation is purely lacunar, and there are no vessels of any 
kind except those added on to an anterior artery, which is seldom 
much branched. In many Copepoda (Ooryessidee), and in the 
Oirripedia, there are no circulatory organs. 

The heart of the Phyllopoda is more developed. It has the 
form of a longer tube, made up by several such simple hearts as 
those.^of the Daphnida, and possessing a number of venous ostia 
(as many as 20 pairs in Artemia). The cardiac tube, that is, is 
divided into separate chambers, which do not, however, exactly 
correspond to the metameres, oE which there are more than oue to 
each chamber. This segmentation seems, therefore, to be an inde- 
pendent one, and is, perhaps, to be regarded as a later arrangement. 
An arterial trunk is given off from the most anterior end only. This 
passes the blood on to the lacunar tract of the coelom. 

The heart of the Arthrostraca extends longitudinally along a 
large portion of the body in the Amphipoda and Isopo&i; in the 
former it is placed in the metameres behind the head, and in the 
latter some way farther back. There may be an anterior vessel only, 
or it may give off a posterior one also. The former only is branched, 
and the branches are confined to the cephalic region. The number 
of the ostia varies greatly in the Amphipoda (Phronima has 3, 
Caprella 6, Gammarus 7 pairs). 
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The larv80 of the Thoracoatracja have a simple cardiac tube with 
two lateral ostia only, which so far resembles the arrangement 
described above. A more complicated form is gradually derived 
from this, which is developed along two lines. One of these is seen 
in the Stomapoda, where the heart is elongated, and an anterior and 
a posterior arterial trunk alone given off, although the number of 
venous ostia is increased. As the anterior artery alone is branched, 
and the posterior has a widely-open mouth, the arrangement which 
obtains in the Arthrostraca is again repeated in these forms. Later 
on, not only do the anterior and posterior arteries form a larger 
number of branches, but a larger number of lateral arterial trunks 
are ^ven off from the heart itself. 

The second type is seen in the Schizopoda and Decapoda. 
Although the heart is provided with several pair of ostia it is more 
concentrated in form, and the lumen can no longer be seen to be 
divided into successive chambers. The primitive segmentation 
has given way to a more compact arrangement. This cha- 
racter is seen even in the arrangement of its several clefts, for they do 
not now follow by regular pairs, but are grouped in a different manner. 
The heart of the larvae, however, arises as a thin-walled tube with 
only one pair of clefts, and is continued forwards and backwards into 
a simple vascular trunk. The anterior one divides into three 
branenes, which arise directly from the heart when the trunk 
shortens; the posterior trunk remains single. The heart is elon- 
gated for a time only, or passes at once into a more compact form/ 
In both the Schizopoda and Decapoda it is placed in the posterior 
portion of the cephalothorax. 

New portions are formed in the arterial system, while the whole 
venous portion is represented by lacunae. The vascular system of 
the Schizopoda (Mysis) remains at this stage ; the Decapoda pass 
through the different Schizopod-stages during their development. 
In the mature forms of the Macrourous Decapoda we find the mus- 
cular cardiac tube (Fig. 145, c) surrounded by a well-developed 
pericardial sinus (pc), from which the blood passes into the heart 
by three pairs of symmetrically-arranged clefts. Three anterior 
arterial trunks, and one posterior trunk arise from the heart. The 
anterior median one (av) runs to the cerebrum and eyes (o), without 
branching much ; the two lateral trunks (aa) give off branches to 
the generative organs, liver, and antennse. The arterial trunk from 
the hinder end of the heart divides into two branches, which lie one 
over the other, and which may even arise separately from the heart. 
The dorsal one (aj?), which is bifurcated in the Brachyura, supplies the 
muscles of the back and tail. The ventral branch (a) takes a down- 
ward course at once, and divides into an anterior and a posterior 
trunk, both of which give off most of their branches to the appen- 
dages. There may be two smaller trunks in addition to the posterior 
median one. The highly-developed capillary system gradually 
passes into afferent canals (veins), which are at first collected into 
several trunks on the ventral side, and are then united (v) into a 
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T^trai siima^ placed at the base of the gills (in the so-called 
^atonal canal), gill {6r) receives a vessel from this sinus 

(branchial artery). From 
the gills the blood passes 
into the branchial veins 
(v&r), six or seven of which 
arise on either side of the 
pericardial sinus, into which 
they often open by funnel- 
shaped mouths. 

The valves of the venous 
ostia are to be regarded as 
special differentiations of 
the heart, which aid in 
dividing it into separate 
chambers when it is elon- 
gated. 

The circulatory system 
of the Poecilopoda combines 
several of these different 
stages ; their elongated 
heart lies in a pericardial 
sinus, from which it re- 
ceives blood by seven pairs 
of ostia; it does not only 
give off arterial trunks an- 
teriorly and posteriorly, but 
from the sides also, as do 
the Stomapoda. 


§ 218 . 

The circulatory organs 
of the Tracheata very 
much resemble the elon- 
gated multi - camerate 
hearts found in some Crus- 
tacea; and the differences 
are due rather to the de- 
gree to which the vascular 
system which passes from 
the heart is developed. This 
again is affected by its 
relations to the respiratory 
organs, for when they are 





Fig. 146. Diagram of the circulatory system 
of a Lobster, o Eye. ae Lateral anteuneB. 
at Mesial antennro. hr Branchim. c Heart. 
pc Pericardium, ao Median anterior aorta. 
aa Hepatic artery, ap Posterior artery of the 
body . a Trunk of th e ventral artery, av Anterior 
ventral artery, v Ventral venous sinus, v hr 
Branchial veins. The arrows indicate the 
direction of the current of blood. 


limited to a small space the 
blood-vessels are more perfectly developed, while when the respira- 
tory organs are distributed over the whole body the arteries are less 
well developed. The Protracheata appear to resemble them in this. 
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So far as is yet known tke circulatory system of Peripatus is 
represented by a dorsal vessel,^^ just as in the Insecta, so that 
here we find the simplest characters as compared with the other 
Tracheata* In the middle line of the ventral surface of the dorsal 
vessel there is a row of clefts, and it appears to agree with that of the 
Myriapoda in extending along the whole body, while in the Insecta 
it is limited to the abdomen. In Insecta it is attached to the wall of 
the body, and sometimes even to the tracheae (in the larvae of the 
Muscidae) by the ^^alae cordis (Fig. 146, m). In the larvae it is 
divided into separate chambers, which are often not very distinct on 
the outside, and which have, owing partly to the arrangement- of 
these muscles, and partly to the position of the cleft-like venous 
ostia, a metameric signification. The variation 
in the number of these chambers is not very 
great ; in most there are eight of them ; there 
are very seldom more, more frequently less than 
this. But these numbers still require a much 
more exact examination. The blood which is 
taken into the cardiac tube by the ostia is driven 
forwards by the systole of the chambers, and so 
passes from chamber to chamber, and from the 
most anterior of these into the aorta, where the 
pouch-like folds of the edges of the ostia function 
as valves, and prevent it from returning to the 
heart. 

The aorta (Fig. 146, a) is a direct continua- 
tion of the heart, which, as compared with the 
Myriapoda, has disappeared from the thoracic 
metameres. It runs straight forwards to the 
cerebrum, but its more intimate relations after Fig. i 46 . Heart of 
this are not exactly known. It is uncertain Melolontha. aAr. 
whether the branching of its anterior end, which arsing from the 

is seen in some Insects, is a general phenomenon, ^er. w Alee cordis 
In any case the blood very soon passes through (after Burmeister). 
a lacunar passage between the separate organs 
into regular currents ; this may be easily observed in transparent 
insect larve; it is again collected into the venous ostia, which lie 
near the entrance into the heart. The separate passages in this 
tract are sometimes so sharply marked off, that in the appendages, 
for instance, vascular spaces appear to be formed. 

As the alee cordis do not end directly on the wall of the heart 
but in special cells on it, and at the same time unite to form a 
network surrounding the heart, a cavity resembling a pericardial 
sinus is formed below them. 

§ 219. 

The regular extension of the heart of the Myriapoda through- 
out the whole length of the body, and the considerable increase in 
the number of its chambers, shows that there is in them a closer 
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^Ncteniid segmeatation of the bodj^ and its 
Herein wts may recognise a lower sta^. The 
147, S) are again separa^ from one another by 
yalyes, placed at each Tenons ostium 
(o), and are attached by large aim 
cordis (m). Paired arterial trunks, 
which are especially well developed 
in the Scolopendridm, are sent oft 
from each chamber to its proper 
metameres. As compared with the 
Insecta, a higher degree of develop- 
ment is implied by this arrangement. 
These arteries arise at about the 
level of the venous ostia. In the 
Julid® they are double, for each 
chamber is composed of two, which 
were primitively separate. Three 
trunks are given off from the most 
anterior chamber; the median one 
(c) supplies the cephalic segments, 
and the two lateral ones (6) surround 
the oesophagus. Where they unite, 
a larger trunk is formed, which lies 
on the ventral nerve-chord; just as in 
the Scorpionea,this runs as far as the 
last ganglion of the ventral chain, 
and gives off numerous branches. 



Fig. 147. Head and two segments of 
the body of Scolopendra, with the 
most anterior portion of the blood- 
vascular system. C Head. 0 Supra- 
CBsophagoal ganglion (Oerobrum). 
0 Eyes. M Mandibles. A Antennas. 
K Chambers of the Heart, m Alro 
cordis. 0 Venous ostia, a Lateral 
arteries, h Arterial arches, c Cephalic 
artery (after Newport). 


§ 220 . 

We find that the Scorpionea 


among the Arachnida are provided 
with the most complicated circulatory apparatus. The heart, sur- 
rounded by a pericardial sinus, is considerably elongated in correla- 
tion with the form of their body ; it is divided into 8 chambers, which 
are held fast by lateral muscles (al® cordis). A pair of dorsal clefts 
(venous ostia) leads into each chamber ; these clefts may be closed 
by valves which project into the interior. Arterial vessels are given 
off from the anterior as well as from the posterior end of the heart, 
of which they are direct prolongations ; the anterior one, the aorta, 
enters the cephalothorax, while the hinder one runs to the tail. In 
addition to these a number of lateral arteries are given off close to 
the venous ostia, and are distributed to the neighbouring organs. 
Two of the numerous branches given off by the aorta form a vascular 
ring around the oesophagus, whence an artery runs back (arteria 
supraspinalis) on, and as far as the end of, the ventral nerve-chord; this 
nrtery gives off a large number of branches. The venous blood is 
collected into a receptacle which lies directly on the ventral surface, 
just as in the higher Orustacea; from this it is carried to the 
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respiratory ot^ns. Before ilie l4ood from them gets to the hearty 
it passes into the peiioardial ^tts. ^ 

In the other Arachxiida the mimy-chambered cardiac tube is 
reduced^ and re- 
sembles in cha- 
racter that of the 
Inseota. It always 
lies in the abdo- 
men; intheAranea 
and Opilionida it 
is provided with 
three pairs of ostia, 
by which it is di- 
vided into cham- 
bers. From the 
most anterior of 
these an artery is 
continued into the 
cephalothorax ; in 
Lycosa this is di- 
vided into two 
trunks (Fig. 148), 
each of which gives 
off branches for the 
eyes and appen- 
dages. The hin- 
dermost chamber 
opens at the end 
of the abdomen, and the blood- current from it corresponds to that 
which is distributed by the caudal artery in the Scorpionea. Since 
there is no pericardial sinus the blood passes to the respiratory 
organs, and from them to the heart, by lacunar passages only. 

Among the Pycnogonida this apparatus is limited to a three- 
chambered heart, into which two pairs of ostia open ; in the Acarina 
no heart at all seems to be developed. 



rig. 148. Circulatory organs of I ycosa. A Seen from 
above ; B From the side, o Eyes. 1,2, 3,4, 5, 6 Appendages. 
P Lungs. C Heart, ov Venous ostia of the heart. The 
arrows indicate the direction of the blood (after Glapar^de). 


Excretory Organs. 

§ 221 . 

The appamtus, which in the Vermes is formed of looped canals, 
is found in a modified form in the Crustacea. One of the organs, 
which represent it, consists of a coiled tube placed below the integu- 
ment of the head, and opening at the base of the second (outer) 
pair of antennas. In the Entomostraca, this organ is i:;onfined to the 
larva, in which it has been made out in most divisions. It may 
perhaps be retained in the Cirripedia as the so-called cement 
glands/^ which lie in the stalk oi the Lepadidm, and open at ita 


Tnere are, tneretore, two jnnas or excretory gianauiar organs m 
the Crustacea, but it is doubtful whether they are homodynamous. 
The second organ may be homologous with the loop -like excretory 
organ of the Vermes, and be therefore derived from a common stem- 
form, while it has lost its metameric signification. 

These organs — the functional relations of which cannot as yet be 
definitely adjudged, and of which the green gland alone is distinctly 
similar to a renal excretory organ — are not found in the Tracheata. 
In them the function of excretion is performed by organs, which 
have been described anatomically among the appendages of the 
hind-gut (§ 214), under the name of urinary canals, or Malpighian 
vessels. 


Tracheae. 

§ 222 . 

The coelom of the Protracheata and Tracheata is traversed by 
an aerating system of tubes, which, so far as is yet known, is derived 
from tegumentary organs. The characters of these organs, in 
Peripatus, is of the greatest significance as to this point ; irregularly 
distnbuted tufts of fine tubes, filled with air, are distributed on 
the inner surface of the body-wall, and also on the oviducts and on 
the fore- and hind-gut. 

The arrangements in the Tracheata are different from this, for, in 
them, the tracheaa are regularly arranged and symmetrically dis- 
tributed. They consist of an outer layer of connective tissue 
(Pig. J49, a)i the interior of which is covered by a chitinous layer 
continuous with the external integument. Its elasticity is almost 
altogether due to its chitinous layer, and when the trachea is more 
elastic it is because this layer is thicker ; in this case it has the 
^orm of a spiral filament, projecting into the lumen of the trachea. 
At certain points the tracheas form saccular enlargements, and at 
them this spiral arrangement of the thickenings disappears ; that is 
to say, it is only deposited at certain disconnected parts. This 
chitinous layer and its spiral ridges do not form a specific arrange- 
ment, for the ducts of many glands have a very similar structure in 
the Tracheata. 

The external orifices (stigmata) of the tracheae are regularly 
arranged in pairs on either side of the body ; there is not always the 



o? akehropoda. 

same number of tbemi and m some cases ^ey are found on werj 
segment of tbe body« stig^mcl^ an elHpse^liaped sur- 

rounded by a oircolar thiokenmg 
of the external ohitinons sheleto^ « 
which oan be opened or closed by 
valves. Special muscles close those 
clefts. Each trunk from the stigma 
is lost^ sooner or later^ in a tuft of 
smaller branches, from which finer 
branches arise, which surround the 
organs. The way in which these 
branch, as well as the length and 
strength of the branches, varies 
greatly. Separate tracheal trunks 
may unite with one another, and 
form a system of tubes which passes 
longitudinally along, or transversely 
across the body, and from which 
finer ramifications are given off. 

Owing to the distribution of 
these tracheae throughout the body 
there is a great difference between 
‘the respiratory characters of the 
Tracheata and of the Branchiata. 

The medium which is to be respired 
is distributed through the whole 
organism ; it is not only the blood- 
fluid which everywhere bathes the 
tracheae that can exchange its gases, 
but in the tissues themselves respiration can be effected, for the 
tracheae are distributed to them, and, indeed, may even come into 
relation with their form-elements (cf. Fig. 144, tr). But this does 
not apply to all cases, for, when the tracheae are reduced, the 
respiratory regions are diminished in number and extent ; in this 
way the diffuse respiration is localised. In these cases, as when 
there are branchiae, the blood has to seek out the respiratory organs. 
In this way the characters of the tracheae influence the circulation. 
In addition to their respiratory function, the system of tubes filled 
with air serves to diminish the specific gravity of the body, and is 
just as important in this relation to Insects during their aouatic 
stages, as to those Insects which rejoice in wings, and which 
able by special arrangements to increase or diminish the amount 
of air in their tracheal system. 



§ 223. 

The arrangement of the tracheal system varies considerably, but 
all its forms may be derived from that simpler one mentioned above> 
in which there is a pair of tufted branched tracheas in each metamere. 
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'** * -► * 
Tke^ orgWB appear to dislfibuted in a metameric fasliion even 
in the c^halic segments, for the x^i^bnents of tracheae formed by the 
ectoderm have been observed in many Insects in these metameres 
daring their development. None , of these rudiments are retained in 
any living Tracheate, owing to the development of the head. In the 
sacceeding metameres, also, the number of tracheae may be diminished, 
for in some cases at any rate the tracheal trunks have been observed 
. to atrophy. 

In the Mpriapoda the tracheae are ordinarily similar in character 
throughout the whole body, however difEerent they may be in the 
various orders. The stigmata, which are either placed on the 
ventral surface, or more to the aides, and in some indeed on the 
dorsal surface (Scutigem), lead info tracheal trunks, which are dis- 
tributed in correspon(|^ce witlt^e number of metameres. They 
are most simply arran^d in Jula4 A tuft of tracheae passes from 
each stigma to the viwera, without branching at all. In Glomeris, 
howgver, the tmchw do branch; and in the Chilopoda they form 
longitud^l and transverse anastomoses, so that they get to be 
arranged in very nhich the same way as in many Insects. 

Among the Insecta some Aptera appear to have lost their tracheae. 
They are almost altogetiier wanting in the CoUembola, two pro- 
thoracic tracheae only having been observed in Smynthurus. Among 
the Thysanura, Gampodea has as many as three pairs (Fig. 150), 
belonging to the mesothoracic, metathoracic, and 
first abdominal segment respectively. The absence 
of anastomoses shows that they are of a lower 
grade of development than that found perma- 
nently in other insects. There are generally 10 
pairs of stigmata. This is the highest number 
Known in the imago stage of the Pterygota, but 
in some larvm there are 11 stigmata, the first 
abdominal metamere being sometimes provided 
with a sti^a, although as a rule it is altogether 
absent. There are never any stigmata in the last 
two metameres. The number of these stigmata, 
and of the tracheal trunks which arise from them, 
is not, however, always complete. The number 
varies greatly, pairs of stigmata undergoing de- 
generation at one point or another, so that only 
2 or ,3 of them remain open. In the imago they 
-generally lie in the softer membrane, which con- 
Fig. Anterior nects the segments of the body, and they are 
fragilis. sometimes placed so much on the dorsal surface 

mata (after Palm^n). of the abdomen that they are covered by the 
wings (Coleoptera). The number and arrange- 
ment of the tracheas in the imago stage is not the same as in the 
pupae < 3 flp larvae, difiEerences in the external conditions which 
obtain in the two stages define the arrangements of this system of 
respiratory tubes^ The development of transverse and longitudinal 
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toftow ^iWrf tl* ko^ f 

no stigmata. The above-mentios^ tnchcBl t0B 
developed on the principal trunks, as well 93 OH thBlf WUlWIW 9m 
twigs ; their development is correlated with the development or mO 
power of flight, A very large number of them may be found in the 
Coleoptera (Lamellicomes) ; in the Lepidoptera, Hymenoptera, and 
Diptera they are not so numerous, but are larger ; in the Diptera 
they are sometimes represented by a large pair of vesicles, which 
almost fills up the abdomen. 

As the tracheal system is d^eloped in!oorrelatioh with aerii^ 
respiration, and therefore with a l^h-aquail^ habitat, tho^oio^ 
tions which are caused by the a^atic habitaA of the larval or aduH 
stages of many Insects, must be regarded^s secondary arran^- 
ments. They are adapted to their altered life, Thlur in 

the larv® of many Diptera there is but a singl^air of stigmata, 
which are placed in the hinder end of the body (CeretWa). A still 
further adaptation in the aquatic Hemiptera (Nepa, Eanatra) ft 
respiratory tube^ which projects from the abdomen# 


§ 224. 

When Insects are most completely adapted to an aquatic habitat, 
all the stigmata, and the tracheal trunks from them, are atrophied. 
This leads to the formation of the closed tracheal system, which 
distinguishes the larvas of the Pseudoneuroptera. The longitudinal 
trunks, which are also present in the open tracheal system, form the 
chief part of the apparatus. They give off branches to the viscera 
(enteron), as well as to the wall of the body. In both parts they 
give rise to the development of organs, in which the exchange of 
gases is effected. The relations between this closed tracheal system 
and the open one are explained by the presence of chords, which 
connect the longitudinal trunks with the body- wall, and^e inserted 
at the very points where stigmata are found later on. The chords 
therefore appear to be obliterated tracheal trunks. And this view 
is confirmed, by the fact that when the larv® undergoes ecdysis, the 
intima of a portion of the tracheal system is also cast off by means 
of some of these chords and is found in the exuviae (Bphemerida, 
Perlida), Part of these chords are cast off again in the last moult, 
and form an open tracheal system by giving rise to a stigma at their 
point of junction with the skin. 

The tracheae, which branch in the integument, al^w of a dermal 
respiration during the closed condition of the apparatus (many 
Perlida). This determines the development of superficial growths, 
which lead to the formations of processes, in which a large number 
of tracheae ramify (Tracheal gills, cf. § 190). These organs 

u 
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form tufts^ or lamellad^ which beset the abdomen in the Ephemerida 
andPerlida (Fig. 151 , A), or even form a tuft on the thorax (Perlida). 
Vague dermal respiration is here localised in definite organs. There is 
a larger surface in the tufted form, but this is compensated foi', in the 
lamellar form, by the movements of the lamellm, and the consequent 

increase of rapidity 
A ^ ^ in exchanmng the 

^ water. V^en tra- 

. cheal branches are 
^ developed in the hind 

flu i region be- 

I u\ ^hIwx comes respiratory in 

^p\ function. Eespiration 

/li ■ 4\ seems to be partly 

^ fcl I wii 1 effected in the same 

region in the larvae 
lvCv4 ^ Ephemerida 

1^1 /» 1 Perlida, although 

ij/l ISr ' there are no special 

^ ^ crgans developed ; for 

iliJ (1^ wlw served to take water 

l(W hind -gut. 

™ y / function is more 

ww \ vnif/ / evident when the sur- 

^ increased in 

extent, as it is in the 
VV larvae of the Libellu- 

Fig. 161. A Hiuder portion of the body of tho larva lidae, by the develop - 

of Ephemera vulgata. a Longitudinal tracheal ment of a large 
tninks. 6 Enteric oaml. cTraoheal^lls. d Feathered number of lamellm, 
appendage to the tail. B Larva of -ffischna graudis. j • i ‘j. 

a Superior longitudinal tracheal trunks, h Their an- arranged in longltu- 
terior end. c Posterior portion, branching on the dinal TOWS. Two 

hind-gut. 0 Eyes. The middle figure represents the longitudinal trunks 

enteric canal of the same larva, seen from the side, /‘ci* -i -n \ 

d Inferior lateral tracheal trunk, e Communication \^^S* x> a) give 

with the upper trunk, a 6 c as in B (after Suckow). off branches at their 

hinder end (c) to the 

hind-gut, and form a close plexus of trachem in its lamellse. These 
internal tracheal gills are constantly bathed with water/ owing to 
the movements of a valvular arrangement at the anus. In these 
forms therefore the hind-gut functions as a respiratory organ, just 
as it does in many other ^visions. 

Falxen, J. a., Zur Morphologie des Traoheensystems. Helsingfors, 1877. 


Fig. 151. A Hiuder portion of the body of tho larva 
of Ephemera vulgata. a Longitudinal tracheal 
tninks. b Enteric canal, c Tracheal gills, d Feathered 
appendage to the tail. B Larva of .^schna grandis. 
a Superior longitudinal tracheal trunks, h Their an- 
terior end. c Posterior portion, branching on the 
hind-gut. 0 Eyes. The middle figure represents the 
enteric canal of the same larva, seen from the side, 
d Inferior lateral tracheal trunk, e Communication 
with the upper trunk, a b c as in B (after Suckow). 


§ 225 . 

Among the Araohnida the tracheal system of the Galeodea most 
nearly resembles that of the Insecta, the separate tracheas being 
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united by lateral longitudinal trunks. As however they have only 
three pairs of stigmata they indicate their affinity to the other 
divisions of the Arachnida. A remarkable peculiarity is found in 
their tracheal system; a tracheal trunk arises from a stigma and 
speedily breaks up into a large number of short lamella-like flattened 
branches, which lie on one anothe^like the leaves of a book; owing 
to this arrangement the whole organ is confined to a small space. 
These leaf -like tracheae are known as Lungs.” Four pairs of 
them open on to the ventral surface of the abdomen in the Scorpionea. 
There are two pairs in the Phrynida and Mygalida. In the rest of 
the Aranea one pair only is developed, the stigmata of which lie in 
the anterior portion, and on the ventral face of, the abdomen. In 
some Aranea a second pair of stigmata, placed just behind the first, 
lead into tracheae which end by two chief tubes, at the end of which 
are extremely fine tubules (Argyroneta, Dysdera, Segestria). In 
others this pair of stigmata is fused, and lies in front of the spinning- 
warts. Four tubes generally pass from the stigmatic cavity ; these 
are either branched (Thomisus), or end simply (Tegeneria, Clubiona, 
Lycosa, Epeira). In the absence of branches and of anastomoses, 
the leaf-like tracheae resemble the lowest stage of the tracheae, 
and represent a special development of them. 

The Opilionida, the tracheae of which are distinguished by the 
large number of their branches, have only one pair of stigmata. 
The number is also reduced in the Acarina, in many of which (e.g. 
Sarcoptes) there is no tracheal system at all, as is the case also in 
the Linguatulida and Pycnogonida. 


Generative Organs. 

§ 226 . 

Reproduction in the Arthropoda is effected solely by the genera- 
tive system ; all the modes of reproduction in them, winch are called 
asexual (phaBnomena of Parthenogenesis, and of alternation of 
generation), are due to sexual differentiation. 

The disposition of the generative organs in different individuals, 
which obtains in some divisions only of the Vermes, is the rule in 
the Arthropoda; in a few only is the hermaphrodite structure 
retained. In many, sexual differentiation extends even to the outer 
parts of the body, to its size and form. 

The germ-glands are always distinct organs, which are never 
distributed in a metameric manner ; they are either single, or there is 
but one pair of them. We cannot yet say whether this is due to 
the generative system having been transmitted from animals in 
which it was single. 

In the generd arrangement of the organs there are many constant 
and very remarkable points. The typical form of the apparatus is 

u 2 
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Diagrams of tlie characters 
generative system in the 
Arthropoda. a Germ-glands, b c Effe- 
rent duct. 


Kg. 162. 
of the 


two efferent ducts (Insec ta). 


evidently a compact germ-gland (Pig. 152, a), from which an 
effeient duct (6) passes off on each side. We find this arrangement 

of the germ-gland in the Branohiata, 
and in some of the Tracheata (Ar- 
aohnida). In almost all the Crus- 
tacea the efferent duct is completely 
double as far as its orifice (A). The 
same arrangement obtains in the 
Myriapoda, among the Tracheata. 
The germ-gland begins to be di- 
vided among the Crustacea. The 
organ is then divided between its 
The approximation of the orifices 
leads to the formation of a common orifice, and this to the forma- 
tion of an unpaired portion of the duct (c). In many Arachnida 
this azygos tract is connected with a circular part, more or less 
of which is formed by the germ-gland (0). The ring is then formed 
by an inherited (primary) stage — the single germ-gland — ^and by an 
acquired (secondary) stage — the fused part of the efferent ducts. 
While the generative glands of the Crustacea form the lowest grade 
of this series, the Insecta appear to form the highest, for, owing to 
the bilateral separation of the germ-gland, and the terminal fusion of 
the efferent ducts, and the formation of a common unpaired portion, 
they are the farthest removed from the lowest stage (D). The 
germ-glands, as well as the efferent ducts, may undergo various 
differentiations : especially the ducts, of which sometimes the paired 
and sometimes the unpaired portion is affected. Except in the 
fixed Cirripedia, impregnation is effected by copulation. In corre- 
spondence with this there is a space formed near to, or at some 
distance from, the terminal portion of the female efferent duct, 
from a diverticulum of a division of it ; this (receptaculum seminis) 
serves to take up the sperm, and may be converted into appendices 
of a more independent character. Lastly, there is a bursa copulatrix 
for the reception of the penis. 

The organs which serve to protect the eggs after they have 
passed out of the body are of many kinds. Some of the appendages, 
in the Cinistacea especially, are often metamorphosed in this direc- 
tion. Even whole regions of the body may be converted into 
marsupial pouches. Much of the difference between the male and 
female individuals is due to these relations to the care of the young. 
Finally, the number of eggs produced is an important element in 
modifying all parts of the female apparatus; for not only the enlarge- 
ment of the efferent spaces, but the various changes of all the accessory 
organs, and, again, the increased size of the female are all due to the 
production of a large number of eggs. 

The organs necessary for copulation, as well as the differentiations 
which affect the efferent ducts, lead to complications of the male 
apparatus. When the protractile end of the efferent ducts does not 
serve in copulation, there are special copulatoiy organs, which are 



GENEEATIVE OEGAlfS OF AETHEOPODA. 


2d3 


partly formed from the appendages (Crustacea), or by them and 
whole metameres (Insecta). The appendages have further inany 
other relations to the generative apparatus, for they serve as organs 
for seizing and holding the female, and are modified accordingly. 
The generative system is here seen to be so correlated with other 
parts, as to be of great importance in determining the form of the 
whole organism. 

§ 227. 

Among the Crustacea we meet with hermaphroditism in some of 
the Oirripedia. The testes and ovaries are greatly ramified tubes, 
which can only be distinguished externally by their position in the 
body. In the Lepadides the ovaries are placed in the stalk 
formed by a diverticulum of the mantle ; they give off an oviduct to 
the mantle-cavity on either side. In the Balanid® they are em- 
bedded in the mantle. In both families the male reproductive 
glands are disposed around the intestinal tract, and unite at each 
side into a vas deferens, which 
runs alongside the hind-gut, 
and opens with its fellow of 
the other side at the end of 
the postabdomen. 

In the other, or dioecious 
Crustacea, the organs of both 
sexes are arranged in very 
much the same manner. There 
are two different forms of the 
generative apparatus accord- 
ing as the germ-gland is paired 
or unpaired. But these are 
connected with one another by forms in which the two germ-glands 
are united into an organ which is externally single. 

We meet with unpaired germ-glands in the free-living 
Copepoda. The ovary or testis (Fig. 153, i) lies in the middle line 
above the mid-gut (v). The ovary gives off an oviduct on either 
side, which either takes a simple course backwards, or forms in its 
terminal portion several coils, which function as a uterus (parasitic 
Copepoda) ; or it may be beset along its whole course by a large 
number of diverticula (Fig, 154, JB), which hold the eggs (CorycasidaB). 
The short terminal portion has either glandular walls, or is provided 
with a special cement gland. An enlargement of the terminal 

{ )ortion functions as a receptaculum seminis, and in many cases, as 
or example in the Siphonostoma, may form a special tract, pro- 
viding a special orifice for the reception of the sperm. In many 
Siphonostoma the ovary is double ; but the two ovaries are often 
placed close together. We find the sa»me in the male Copepoda, 
when the free-living forms have a simple testis, and the Corycaeidae 
have one divided into two halves, which pass on either side into a 
special vas deferens. In many families the right seminal duct is 



Fig. 153. Gut and male generative appa- 
ratus of Pleuroma. Side view, oe Fore- 
gut. V Mid-gut. h Unpaired csecal-sac. 
% Hind-gut. c Heart, t Testis, vd Coiled 
vas deferens (after Claus). 
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atrophied. The many-coiled end of the duct serves as a seminal 
vesicle (Fig. 153, v^, in which the spermatophores are formed. 

In ^e Branchiopoda the germ-glands are separate tubes 
which lie beside the enteric canal. In the Cladocera, where they 
are directly continuous with the scarcely separable efferent duct, 
they are simple ; the duct of both male and female organs opens 
near the end of the body. The Phyllopoda resemble them in this. 
Sometimes the testes or ovaries occupy the hinder part only of the 
coelom, while the duct is given off from their anterior end (Artemia, 
Branchipus) and bends backwards, or they begin farther forwards, 
and give off the excretory duct at, or near, their posterior end 
(Holopedium). In the former an enlargement of the oviduct serves 
as the uterus, while a swelling on the seminal duct forms the seminal 
vesicle. This simpler form of the generative organs is modified in 
the Phyllopoda, owing to the enlargement of the germinal glands. 
The ovary of Limnadia is beset with short pouch-like diverticula, 
which form a lobate gland of a larger size in Apus, owing to the 
larger number of branches in it. This organ also serves as a uterus 
for the ripe eggs. The testis has the same morphological characters. 

Among the Arthro- 
straca the generative 
organs are generally 
double, each side pro- 
vided with a separate 
orifice. IntlieAmphi- 
poda the female organs 
consist of simple tubes 
which open as a rule at 
the base of the fifth 
thoracic segment. In 
the Isopoda (Fig. 154, 
G) the tube ends 
blindly in front and 
behind, and the effer- 
ent duct arises on the 
course of it. The ends 
of the tubes are to be regarded as true germ-glands, while the rest 
or largest portion resembles an oviduct or uterus. The male organs 
are similar, but in the Isopoda they are peculiar in character, several 
testicular tubes (Fig. 155, B) uniting into a special portion, from 
which a narrower and much-coiled excretory duct arises. This has 
either an orifice of its own, or is united with its fellow of the other 
side in front of the orifice. 

§ 228. 

Among the Thoracostraca the Schizopoda (Mysis) are provided 
with the simpler kind of generative organs. The female organs 
(Fig. 154, A) consist of an unpaired germ-gland (o), to the sides of 
which oviducts are attached, and these are widened out anteriorly into 



Fig. 154. Female generative organs in Orustaoea. 
A Of Mysis. B Of Sapphirina. 0 Of Onisous. 
0 Ovary, od Oviduct, u Uterus. 
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a C80cal uterus whicli is continuous with the duct. At then* hinder end 
they send o£E a short duct (ocQ to the generative pore. The organs 
of either side are united in the same way in the testis. This is 
formed of a double row of glandular follicles, which unite into a 
coiled canal, which forms the simple excretory duct and opens at the 
base of the last pair of feet. 

The generative organs of the Decapoda resemble those of Mysis, 
by being similarly connected in the middle line ; they appear to be 
further developed by various 


differentiations. The female 
organs are formed by two 
long tubes which run for- 
wards and backwards, and 
are united transversely with 
one another; these tubes 
function partly as germinal 
glands, but chiefly as ovi- 
duct and uterus. In the 
Crayfish the two anterior 
divisions have the form of 
short lobes, while the two 
hinder ones are fused into 
an unpaired piece. On each 
side a short duct passes to 
the genital pore, which in 
the Caridina has the same 
position as in the Schizo- 
poda; in the Macrura it is 
placed on the basal joints 
of the third pair of feet, 
but in the Brachyura on 



Fig. 165. Male generative organs. A Of 
Homarns. £ Of Onisons. it Testes, vd Vas 
deferens, vb Seminal vesiole. o Its orifice. 
2? Oopnlatory organs. 


the segment of the bodv, 

which carries this pair. The Brachyura are also distinguished by a 
pouch-like enlargement of the oviduct (seminal pouch). In the 
male apparatus the testes are formed by two much-coiled tubes^ 
which are transversely connected with one another in front, and 
which, like the female organs, lie for the most part in the cephalo- 
thorax ; in Pagurus only are they placed in the abdomen. In the 
latter they give off two long and closely-coiled but gradually-widen- 
ing ducts. Herein they agree with most of the Decapoda, but they 
are distinguished from them partly by the increased size of the 
lobes formed by the coils of the seminal canal, and partly also by 
the formation of the unpaired piece, which unites the glands of 
either side. The germinal glands are more completely united in 
Astacus. A vas deferens with long coils passes on each side to the 
outer generative orifice, which is placed, as a rule, on the basal joint 
of the last pair of feet; in the Brachyura, however, it is found at 
the end of a penis, which is formed by a metamorphosed appen- 
dage. The opening of the male apparatus only is then the same 
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as in the Schizopoda, while the female orifice is placed farther 
forwards. 

In the generative apparatus of the Stomapoda the testis com- 
mences as a fine unpaired tube in the middle line of the caudal fin ; 
it is continued forwards into a paired tract, from which a much- 
coiled vas deferens arises. Each of these passes to a penis, which 
springs from the coxa of the last thoracic foot. An unpaired gland, 
which begins in the cephalothorax, opens at the same point. The 
ovary passes backwards as an azygos, and afterwards as a paired, 
gland, as far as the cephalothorax. Each gives off an oviduct in the 
third thoracic segment, which opens at the base of a pouch placed in 
the middle line. The Decapod-type prevails in them, though 
modified in the female by the approximation of the orifices. 

In the Poecilopoda we see a combination of the two forms repre- 
sented in the Crustacea. One form is followed in the median con- 
nection of the organs of either side, and the other in the large 
number of germ-sacs formed by the fine terminal branches of the 
network, which makes up the generative organs. The wider tracts 
serve as efferent passages, which are considerably widened in the 
female so as to coUect the eggs, and are continued into the efferent 
duct on each side. 


§ 229. 

A lower stage is seen in the female apparatus of the Protracheata. 
The ovary is a body divided into two halves by a septum, and 
sends off a paired oviduct; this passes forwards as a coiled tube, 
and then bends round to a widened portion, whichT functions as a 
uterus. These canals are continued backwards, and only unite to 
form a common short vagina near the generative pore. 

In the male apparatus the testes are completely separated from 
one another ; each of them is provided with a glandular appendage, 
and is continued into a long looped vas deferens. A common ductus 
ejaculatorius, which also opens at the hinder end of the body, is 
formed by the union of the two efferent ducts. 


§ 280. 

The two kinds of generative glands in the Arachnida are, as a 
rule, unpaired ; when paired they are connected transversely, and 
open either by one or two ducts anteriorly, and on the central 
surface. In addition to accessory glandular organs, or 43 p^cial 
enlargements of the excretory ducts serving for the storage and 
reception of the sperm-masses or ova, there are external organs 
which cany the sexual products outwards, and which are called 
penes or vaginae according to the sex. The male organs repeat with 
slight variations the tjrpe of the female. The union of tne genital 
glands of either side and the azygos portion of the apparatus 
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is formed in consequence of it, calls to mind the similar relations of 
parts in the Branchiata, and notably in the Poecilopoda. 

The ovaries in the Scorpionea are formed of three long tubes 
which bend towards, and pass into, one another at their hinder ends, 
while they are also connected with one another by four transverse 
anastomoses ; in the walls of these tubes, which often form tubular 
diverticula, the ova are formed. The segmented character of the 
organ is implied by the transverse connections, which form four 
wide meshes on either side, for these segments have exactly the 
same position as those of the abdomen. Spindle-shaped and 
widened oviducts are continued on from the two outer longitudinal 
tubes, which function as receptacula seminis for the sperm which 
they receive ; they open at the base of the abdomen. 

The testes also of the Scorpionea are a pair of winding canals, 
united by transverse commissures. Their double character is implied 
by the presence of two tubes on either side. The vas deferens of 
each testis opens to the exterior, after uniting with its fellow of the 
opposite side at just the same point as that occupied by the genera- 
tive orifice of the female. In addition to the vas deferens there are 
accessory organs on either side, which as a rule have the form of 
two pairs of csecal tubes, which vary in length and function partly 
as glands, and partly as seminal vesicles. 

The separation of the germinal glands of either side is complete 
in the Galeodea and male Aranea. The ovaries are two tubes, 
on the outer surface of which the ova are developed; in the 
Spiders they are developed on stalked processes. In some (Segestria, 
Oletera) the ovaries are represented by a closed ring. A vaginal 
canal, which is sometimes widened out (Galeodes), is formed from the 
union of the two ovarian tubes, which serve to carry the ova out- 
wards; this canal has one or two seminal vesicles at its termination. 
These are found also in the Aranea, where they often open inde- 
pendently in front of the orifice of the vagina. The male organs 
in the Galeodea may be derived from those of the Scorpionea, by 
supposing that the transverse anastomoses between the longitudinal 
trunks have disappeared. Finally, in the Aranea, these longitudinal 
tubes are reduced to two. 

Bebtkau, Ueber d. Generat.-Apparatus. Araneiden. Arcb. f. Kat. 1875. 


§ 231, 

In the Opilionida and Acarina the circular form of germinal 
gland is the dominant and general arrangement ; it is derived from 
the transv^e connection of the ovaries, which is seen in the 
Scorpionea. The unpaired stage of the germinal gland, which is to 
be regarded as the more primitive one, is implied by this arrange- 
ment. This circular form is most perfect in the Opilionida (Fig. 
156, Bo).' Just as in the Aranea and Scorpionea the ova are formed 
in stalked diverticula on the surface of the ring, whence they pass 
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into the cavity of the ovarian tubes, and from it to the efferent 
duct, which is provided with a considerable enlargement {ii) (uterus). 
A narrow coiled continuation of this leads to the protractile ovipositor 

{op)» In the male there is a 
circular canal, a portion only 
of which forms the testis, 
instead of the ovarian ring 
(Pig. 156, a t ) ; the two 
en(£ of the testis pass into 
the efferent duct {vd) which 
completes the ring. These 
unite into a closely- coiled 
portion, from which a 
widened canal or seminal 
vesicle arises — an organ 
similar [to the ovipositor, 
and, like it, protractile ; 
the penis is attached to it. 
Two large tufts of acces- 
sory glands {gi) are con- 
nected with the ends of the 
penis. 

The circular form of 
germinal gland is still retained, in its completeness, in many of 
the Acarina. In the female apparatus the greater part of the ring 
is converted into the efferent organ, owing to the limitation of 
the ova-producing part to a small division of it. This is most 
marked in Pentastomum, where the ovary is attached to a circular 
canal. The ovary is here differentiated from the canal. The part 
of the ring, which forms the efferent ducts and passes into the 
single portion, is often widened out into a uterus ; or the uterus 
is formed by the unpaired portion alone. This is the case in Pentas- 
tomum, the uterus of which forms a coiled canal of some length. 
The unpaired portion of the efferent duct is generally much shortened 
in the male, and the two parts of the rings connected with it are 
widened out into seminal vesicles. Appended glands are connected 
with the unpaired portion in both sexes. The great differences in the 
distribution of the functions of parts of this canal lead to the separa- 
tion of the ring into two genital tubes, the middle of the germ- 
producing portion of the ring becoming sterile. The two halves of 
the ring are then distributed to the sides, although in some cases 
they are still coimected by a canal, or by indifferent tissue; this 
gives rise to organs which are only united at their orifices, or along 
an unpaired portion connected with them (Ixodes). 

The hermaphrodite generative organs of the Tardigrada are 
altogether unlike these arrangements. They consist of an unpaired 
ovary and two testes which lie beside the enteron : their efferent 
ducts pass into a receptaculum seminis, and open, generally provided 
with special glands, into the cloaca. 



Fig. 166. Generative organs of Phalanginm 
opilio. A Male organs, t Testes, vd Vas 
deferens, p Penis, m Betraotors of penis. 
gi Appended glands (after Krohn). B Female 
organs, o Ovary, at Uterus, op Ovipositor. 
m Betraotors of ovipositor. 
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The arrangements in the Pycnogonida are just as peculiar ; their 
generative products are formed on the wall of the coelom, and are 
passed out by special orifices (which are sometimes found on all, and 
sometimes on only one pair, of the feet). This character reminds us 
of the lower arrangements seen in the Annulata. 

The conversion of appendages into copulatory organs, which 
obtains in the Crustacea, is seen in the Aranea only from among 
the Arachnida; in the males of this order the palpi are organs 
of a complicated structure, which convey the sperm to the female 
generative orifice. 

§ 232. 

The generative organs of the Myriapoda are, in their form 
and arrangements, most similar to those of the Arachnida, and, 
as in these forms, they sometimes open far forwards on the body, 
namely, on the third segment of it. The genera- 
tive organs of the Scolopendridse are placed in 
the hinder end of the body. In the females the 
generative glands are either simple externally and 
form an elongated tube, on the inner surface of 
which the ova form projections (Julidae, Scolopen- 
dridae, and Glomeridas), or they are double (Cras- 
pedosoma), in which case they are united at their 
anterior ends, while the oviducts open separately. 

In the Scolopendridaa the simple ovarian tube 
is, as a rule, continued on by a simple oviduct ; 
but the double character of these organs is 
implied in the development of ova on both sides 
of the ovarian tube. 

The accessory organs are formed by two pairs 
of bodies, which sometimes open into the ovi- 
duct, but ordinarily directly into the genital 
orifice; they partly form cement glands, and 
partly receptacula seminis. 

The male organs also are often double in their efferent ducts and 
accessory parts only. However, many Glomeridse and Julidae are 
provided with a double testicular tube, which passes into a common 
vas deferens, and seems to be united into a single organ owing to 
the large number of its transverse connections (Pig. 157). When 
there is only one testicular tube, it is beset with separate follicles. 
The vas deferens is occasionally single (some Scolopendridee) ; but 
as a rule it is divided into two branches, which either open on a 
short papilla (Julidae, Glomeridse), or are connected together and 
continued into a short penis placed at the hinder end of the body 
(Scolopendridae). The last division of the efferent duct is provided 
with enlargements or diverticula, which serve to collect the sperm. 
Several pairs of glands are inserted into it just in front of its 
orifice. As to the general character of the generative organs, they 
are unmistakably approximated to the Crusfitcea by the possession 



Fig. 157. Male ge. 
nerative organs of 
Jains, t Testicalar 
follicles, e Efferent 
duct (after Stein). 



8tiix, Ie’,, Do Xjrriapodnm part. genitftL ileiol. It541. 

§ 283. 

Notwithstanding the great variations of more subordinate cha* 
racters^ the generative organs of the Insects present on the whole 
a well-marked uniformity of structure. The organs and their 
accessory parts almost always lie in the abdomen, and generally 
open below, or in front of, the anus. The eighth abdominal 
segment generally seems to carry the genital orifice. In the 
Strepsiptera only is the female generative orifice placed some 
way forwards. The germinal glands are, as a rule, disposed 
in pairs, and retain this condition, although there are indications 
of the primitively single arrangement, or of a connection between 
the germ-glands of either side, as in the Arachnids and Myria- 
pods. Each germ-gland is composed of a varying number of 
equal parts, which are generaUy tubular in form, grouped into 
tufts, and united at an efferent duct. The ducts of the two germ- 
glands seldom have separate orifices. They are almost always 
united for a certain distance, and receive, before they unite, acces- 
sory organs, formed by the differentiation of a portion of their 
waUs. In the females these organs appended to the ducts are 
sometimes pouch-like, or vesicular portions, which either serve for 
the reception of the male copulatory organ (bursa copulatrix), or 
as glandular organs of various kinds (cement glands), and also as a 
store-house for the sperm (receptaculum seminis). In the male, the 
paired-glands of tho efferent ducts are greatly developed. In 
addition to them there are other parts which function as seminal 
vesicles (vesiculse seininales). 

External organs, which are generally formed by the metamor- 
phosis of the terminal metameres and their appendages, are con- 
nected with the end of the genital duct j in the males these form 
copnlatory organs, and in tho female vary in form (as ovipositors). 


§ 234. 

In the female apparatus the complex of ovarian tubes, which is 
generally regarded aa an "ovary,'' undergoes the most considerable 
modifications. 

The relations which these tubes have to the formation of ova is 
somewhat different to those which they have in other Arthropoda. 
Each separate ovarian tube (Fig. 158) gradually widens at one end, 
where it is inserted into the oviduct; the opposite end is generally 
slender, and is often, indeed, continued into a fine filamentous process. 
When there are a large number of ovarian tubes, the free ends are 
directed towards a centre and connected together. The ova are 
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formed ia tliese terminal filaments^ the oeu-ioassei m wmch represent 
ovarian germs ; these, while undergoing contintud diSerentiationS| 
gradually make their way out * 

of the ovarian tube. The ovuin 


is a true eell at the place where 
it is formed, but on its way 
through the ovarian tube it in- 
creases in size, so that we find 
the largest eggs farthest from 
the germinal region, and nearest 
the oviduct, wlule behind them 
there is a continual series of 
smaller and younger formations 
up to the above-mentioned blind 
end of the ovarian tube. The 
separate eggs cause the ovarian 
tube to appear to be divided 
into segments or chambers. The 
gradual descent of the egg is not 
only correlated with its growth, 
but with various changes also in 
the substance of the yolk ; each 
egg is provided, especially in the 
last segment of the tube, with 
an external cuticular investment, 
the so-called chorion; this is 
formed by the epithelial layer of 
the ovarian tube. 

As each egg passes into the 
so-called oviduct, a portion of the 
ovarian tube is degenerated, and 
so the egg next in front is 
brought close to the oviduct. 
The differentiation of the egg is 
accompanied by the growth of 
the thin end of the ovarian tube, 
which is made up for by its 
shortening at the other end. In 


JS 


I 
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Fig. 168. A Ovarian tube of the Flea, 
o Ovum. <7 Germinal vesicle. B Ovarian 
tube of a Beetle (Oarabus violaceus). 
0 Ovarian segment, divided into two por- 
tions, of which the ovarian cell is marked 
o, and the vitellogenons layer 6. The 
ovum of the last segment has been ex- 
polled ; the walls of the ovarian tube are 
collapsed (after Lubbock). 


many Insects a group of cells is 

differentiated with each egg, in addition to the epithelial layer sur- 
rounding it; this vitellogenons layer occupies the portion (6) of 
the chamber (u) behind the egg-cell (Fig. 158, B a), but is gradually 
used up by the latter, as it grows. An ovarian tube, or a collec- 
tion of such tubes, does not therefore correspond merely to a germ- 
producing reproductive gland, but is an organ entrusted with a 
much larger series of functions, and its blind end only is analogous 


to an ovary. 

The length of the ovarian tube depends on the number of eggs 
in it* The smallest number of chambers is found in most of the 
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Biptera^ where 'not unfrequently there is only one (Fig. 160, o), 
thcm^h more commonly two or three. In many Ooleoptera and 
Hemiptera also the number of chambers is small. The ovarian 
tubes are longer in most of the Hemiptera and Hymenoptera; the 
largest number of chambers obtains in the Neuroptera and Orthop- 
tera, and lastly in the Lepidoptera, where there are four ovarian tubes 
made up of a large number of chambers, which look like a string of 
pearls. 

The arrangement of the ovarian tubes on the so-called oviduct 
also varies very greatly. They are sometimes united into tufts, 
sometimes broken up into groups, and sometimes arranged in rows. 

The so-called pseudova have been distinguished from the eggs 
(ova); these structures are partly characterised by the absence of the 
germinal spot, like the products of the female generative glands in 
certain generations of the Aphides and Coccidae. As the organs 
resemble those in which true egg-cells are formed, and as the same 
individual is able to produce pseudova and ova at different times, it 
is best not to regard the gulf between these two products of the 
ovary as a very wide one. These structures are links in a chain of 
phaenomena, which are very common among Insects ; the chain 
begins with the arrangement known as parthenogenesis, and 
extends to an apparent alternation of generations. The whole 
phaenomenon depends on the emancipation of the ovum from the 
influence of the male reproductive elements. The simplest case is 
that in which there is no anatomical difference between the eggs, 
some of which are developed without previous fertilisation, while 
the rest require to be impregnated. The parthenogenesis of Bees, 
Wasps, and many other Insects is of this kind. The arrangement in 
which the same individual no longer produces these eggs at one and 
the same time is a further differentiation ; the emancipated ovarian 
products are then, as a rule, differently formed (pseudova). Still 
more peculiar is the formation of these eggs in different individuals, 
when whole generations can do without the influence of the semen on 
the reproductive elements, and at the same time fall to a lower grade 
of organisation (Aphides). These structures, finally, may be formed 
in an earlier stage in the development of the animal, and from the 
still indifferent germinal gland; this arrangement, just like the rest, 
with which it is directly allied, is derivable from sexual differen- 
tiation (Cecidomyia). 


§ 235. 

The two, ordinarily short, oviducts seldom open separately into 
a depression of the integument (Bphemerida). As a rule this 
depression is further developed into a common efferent duct 
(Pig. 159, ov), the vagina ; with this accessory organs, receptaculum 
seminis (Fig. 159, rs) and bursa copulatrix (6c), are connected. The 
seminal receptacle is seldom absent; it is formed of a stalked and 
sometimes much-coiled vesicle. The receptacle is often a proper- 
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tionately wider and coiled caacal tuboj wHob is sofnetimes provided 
with an appended gland. 

The bursa copulatrix is another organ, which is directly con- 
nected with the vagina j it is a wide caacal-sac (Pig. 159, be), which 
looks like a diverticu- 


lum of the wall of the 
vagina. This organ is 
found in some orders 
only, and even in them 
it is not generally pre- 
sent. The bursa copu- 
latrix of the Ooleop- 
iora appears to be the 
most independent, and 
not unfrequently is of 
a considerable size ; in 
them it is generally 
connected to the va- 
gina by a canal. In 
the Lepidoptera also 
it opens into the va- 
gina by a narrow duct ; 
but it is remarkable 
from the fact that it 



Fig. 159. Female generative organs of Hydrobius 
fusoipes. 0 Ovarian tubes, ov Oviduct, beset with 
glandular appendages, gl Tubular glands, v Vagina. 
he Bursa copulatrix. ra Beoeptaoulum seminis (after 
Stein). 


has another efferent 


duct in addition to this one, which it sends off below the female 
generative pore, where it opens separately. In the Lepidoptera 
fertilisation is effected by means of this canal, the spermatozoa pass- 
ing into the receptaculum seminis from the bursa copulatrix by the 
above-mentioned duct, which connects it with the vagina. The open- 
ings of the two parts into the vagina are opposite to one another. 


The accessory glandular organs 
of the vagina either consist of a 
pair of simple canals which gene- 
rally form long loops (Fig. 160, gl) 
(Lepidoptera, many Diptera), or 
of short C89cal tubes (Bugs). In 
others they are greatly ramified 
(Ichneumonidec and Tenthredinidse). 



The secretion of these cement- 
glands serve to attach the eggs 
when laid, and at times to unite 


Fig. 160. Female generative organa 
of Mallopbagus. o Ovarian tube, u 
Uterus, gl Glands (after B. Leuokart). 


them into masses. 


As a rule some portions of the integument, which have the form 
of valves, are connected with the female genital pore ; the markings 
on these valves are always exactly adapted to the male copulatory 
organ ; sometimes they are arranged like nippers, and consist of 
processes which work laterally on one another. 



■ The male generative organs of In^oih very often repeat in 
Him devdopment die forms of the fearatfktrgans, so that even 
tile sqiarate divisions of both sets of glands not nnfrequentlj 
correspond. The testes, which are always paired, and seldom fused 
into one oigan, are composed of osscal tubes, just like the ovaries; 
they also vary in number and size, and are connected with one 
another in aU kinds of ways (Figs. 161, 162, t). The testes of either 
side are often united in the Lepidoptera. The Dij^tera and Strep- 
siptera, as well as many Neuroptera, have two simple^ long, and 
always separate testicular tubes. In many Coleoptera, also, each 
testis is a long, closely-coiled cmcal tube, surrounded by a special 
membrane. The testes of most insects are made up of a number 
of tubes. Thus each testis, in most of the Hemiptera, consists 



Fig. 161. Testes and efferent ducts 
of Ac beta caxnpestris. t Testes, 
v Vas deferens, g Seminal vesicle. 



Fig. 162. Male generative organs of Mel o. 
lontha vnlgaris. t Testes, vd Vas dcfc. 
rens. vs Its widened portion. gl Coiled 
appended gland. 


either of several tubes connected together to form a fan-like 
organ, or of a large number of separate tubes ; this form of testis 
is also found in a largo number of the Coleoptera. The testes 
of most Orthoptera consist of closely-applied tubes, which thus 
form a single mass, or of rounded vesicles grouped in a racemose 
fashion ; similar structures are also found in the Hymenoptera. 

The efferent ducts of the separate testicular tubes are united 
into seminal ducts, and these, on each side, into a vas deferens 
(Fig. 161, v; Fig. 162, vd), which, when the tubes are closely 
united, passes directly from them. The two seminal ducts are, as 
a rule, not very long, but in some cases they are considerably 
elongated, and the widened portions of the coiled canals then function 
as semind reservoirs _ (Fig. 162, vs). A common efferent duct 
(ductus ^ ejaculatorius) is given off from their point of union ; this, 
too, varies greatly in length, and also serves in part as a reservoir 
for the sperm. 

The accessory glandular organs are as a rule paired, and like those 
of the female apparatus are either long coiled canals (Fig. 162, gl), 
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or sliorter and grouped into tnftc^^w branclied tabes; they are 
attached to the efferent dncts at ralidcffi points. 

^ The male copnlatoxy organs o| the Inseota resemble the female 
ones^ and are made tijft ;^chitim^ ridges and valye-like arrange* 
meats, which vary in form, and sarronnd the generative 

orifice. They are divided into those which serve only for ^xtemai 
copulation, and into others which are comparable to a penis, and are 
capable of intromission. The latter are formed by a tube, which is 
either attached externally, oris protmsible ; the dnctns ejacnlatorins 
is continuous with it, and it often carries pincer-like organs at its end. 
In the Ooleoptera this copulatory organ is enclosed by a thick-walled 
chitinous ca|)sule placed in the abdomen, which is often of consider- 
able size, and is provided with a special muscular apparatus to 
protract it, and draw it in again. 

§ 237 . 

The seminal elements of the Crustacea, though very variable in 
form, always agree in being motionless ; the seminal filaments of 
the Cirripedia are an exception to this. Although the seminal 
elements are filamentous in the Isopoda, Amphipoda, and Ostracoda, 
they are incapable of movement ; in the Jast-mentioned group they 
are extraordinarily long. Among the Schizopoda, in Mysis, at least, 
they are filamentous, and are bent at one end so as to form a hook. 
Cell-like bodies are the most common forms ; owing to the presence 
of processes they present various peculiarities, the most notable of 
which is the radiate form of the semen of the Decapoda radiate 
cells The seminal filaments also of many Arachnida and Myria- 
poda appear to be incapable of movement, although in the former 
they are motile, when within the female generative organs. 

In the Insecta the form-elements of the sperm are movable 
filaments, which are generally drawn out into a process at either end. 
The union of these filaments into tufts is an arrangement peculiar to 
them, as is also the union of the cells in two rows to form a rod-like 
structure which resembles in character a spermatophore (Orthoptera). 


X . 



Sixth Section. 


Brachiopoda. 

General Review of the Group. 

§ 238 . 

The Brachiopoda, which by most authors were formerly placed with 
the Mollusca, with which they have little in common save a shell, 
which is quite different from the one found in the Mollusca, form a 
small and well-defined division, which is derived from the phylum of 
the Vermes. Among the Vermes the Ohaetopoda, which are highly 
differentiated forms, appear to have several points of affinity with 
them; but nothing more, for there are such striking peculiarities 
even in the most important systems of organs, that it would be going 
too far to base any definite phylogenetic assertion on these relations. 
In any case the whole organism of the Brachiopoda, as compared 
with the Chsetopoda and Annelides, is completely metamorphosed, 
and genetic relations can only be made out in a few rudiments. 

This eminently isolated position of the Brachiopoda at the 
present time corresponds to the slight variations seen in the extant 
forms, as well as to the fact that we have here to do with a group 
of animals which was richly developed in earlier periods. Some 
genera are found as early as the Silurian epoch. But as the palae- 
ontological evidence is not sufficient to justify us in associating them 
with the Vermes, it is better to treat them separately than to unite 
them with those forms.* 

We distinguish two orders only. 

1) Ecardines. 

Orbicnla, Crania, 

2) Testicardines. 

Terebratala, Argiope« Waldheimia, Theoidimn. 

* I recoguifled their affinity to the Vermes in my “ Grundzuge,” 11. Anfl. 
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Form of the Body. 

§ 239. 

It is necessary to go back to embryonic stages to understand 
the characteristics which distinguish the form of the body in the 
Brachiopoda. In it, and at an early period, we meet with a stage 
in which the previously undivided body is separated into three (in 
Thecidium four) metameres ; this discloses the Annulate type. A 
terminal circlet of cilia is predominant among the cilia formed all over 
the body in Terebratula, as is the case also in many Annelid larves. 
Bundles of setae (Fig. 163, d) appear on the middle segment, which 
can be moved just as in the Ohaetopoda, 
while the first metamere (cephalic segment) 
is converted into an umbrella-like enlarge- 
ment over the mouth; this is surrounded 
by long cilia (Argiope). In this point also 
we can make out an affinity with Vermian 
larvae (Actinotrocha). 

While the larva becomes attached by the 
last metamere, two elevations are formed 
from the middle one, which enclose the first, 
and take on the form of two mantle-folds. 

The two shells, which can be distinguished 
as dorsal and ventral, are developed from 
this, and reach to the stalk formed from the 
last metamere. Owing to their position on 
the body, the shells are clearly quite unlike 
those of the Mollusca ; this formation of the 
shells is a peculiarity, which marks ofE the 
Brachiopoda. And further this formation 
is probably the real cause of the cessation 
of the development of metameres, which 
is also connected with the fixed position of the animal. Another 
peculiarity, the development of arms, is explained by the mode 
of life. 



Fig. 163. LarYa of Argiope. 
m Mantle. h Bundles of 
setae. d Fnteron (after 
Kowalevsky). 
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A small number of ciliated tentacular processes are developed in 
tbe larvas at the sides of the mouth. In the mature stage of the 
animal they are generally arranged on a stalk, which can be rolled 
up in a spiral fashion ; there is a large number of them, and they are 
placed on either side of the mouth. When these arms are rolled 
up they are placed in the anterior portion of the mantle-cavity 
(Fig. 166, 1 ) ; they appear to be erected by injection of blood. 
Owing to the great development of these arms, and of the mantle- 
folds, the rest of the body is reduced to a small size; and even the 
organs which, in other cases, lie in the coelom, may be embedded in 
the folds of the mantle (pallial cavity). The mantle accmires a 
respiratory significance when the inner lamellae of its folds are 
increased in surface by the development of ridges ; it then functions 
as a gill (Lingula). 

The tentacular processes around the mouth call to mind the 
tentacles of the Bryozoa, which may also be arranged on arm- 
like structures (lophophore) ; but they can no more be com- 
pared with these structures than with the branchial tufts of the 
Tubicolas. 

Finally, the stalk is, in the older forms (Lingula), a long portion 
of the body, which passes out between the two shells, and is 
movable, while in the Testicardines it is short and largely chitinised. 


Integument, Shell, and Arms. 

§ 240. 

As the two shells cover all the body except the stalk, the parts 
of the surface of the body are only free within the pallial cavity, and 
are only exposed when the shell is open. From the fact that muscles 
are connected with the integument, we may suppose that there is a 
dermo-muscular tube. Calcareous spicules, which distinguish the 
integument, are found in the mantle, as well as in the arms. They 
are sometimes branched, but may be stellate or form a network. 
The setae, which beset the edge of the mantle in various ways 
in various genera, are of more significance. Like the setae of 
the Chaetopoda they are formed in glandular depressions of the 
integument, and, like them, are cuticular formations. They are 
generally simple structures, which terminate by a fine point, and 
indicate by their transverse striation that they have been gradually 
secreted. 

In the Ecardines the two valves of the shell have pretty much 
the same form. But in the Testicardines the dorsal and ventral 
valves are distinctly difEerentiated. Towards the stalk they are 
united by a kind of clasp. The ventral valve also is drawn out into 
a beak-like process, the punctured end of which serves as a passage 
for the stalk. A skeleton, which projects inwards, is developed 
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from the dorsal valve (Fig. 164, c). It serves as a support for the 
arms. 

When first differentiated the shell is a soft chitinous layer, which 
later on becomes calcified. The valves are traversed by pore-canals, 
which are filled up by villous processes of the mantle. Between these 
the firm substance of the shell is seen to be composed of prismatic 
bodies, which can be made out even when the shell is first laid down ; 
they are set obliquely to the edge of the shell. 

Owing to the great increase in surface of the spirally-coiled 
arms of the Brachiopoda, thanks to their investment of tentacles, 
they form organs well adapted for the respiratory function. In the 
first place the tentacular filaments are suitably arranged for respira- 
tion. They are in communication with the blood-sinuses which pass 
along the arms. In their functional relation they may therefore be 
regarded as gills. The two arms are connected with one another at 
their bases, which are directed towards the middle line. A fold 
above the mouth extends on either side on to the arms, and aids in 
marking off a groove, which extends from the arms to the mouth. 
The tentacles or cirri, which are arranged in two rows, and closely 
approximated, rise up on the other edge of this 
groove ; they extend to the end of the arms. 


Muscular System. 

§ 241. 

Besides the muscles of the dermo-muscular 
tube, such as those of the mouth and of the 
arms, we find in the Brachiopoda a number of 
independent muscles, which traverse the coelom, 
and serve to open and close, as well as to turn 
the shell (cf. Fig. 164). According to their 
function they traverse the coelom in different 
directions, and arise from, as well as insert 
themselves into, the valves of the shell, so that they may be regarded 
as differentiations of the dermo-muscular tube, which were formed 
when these valves were formed. 



Fig. 164. Muscular 
systemof Terebratula. 
a h The two halves of 
the shell, c Support for 
the arms, d St^k. ef 
g h Muscles for opening 
and closing the shell 
(after Owen). 


Nervous System and Sensory Organs. 

§ 242. 

The nervous system is very pecnliar } it alone wonld justify ns 
In giving the Brachiopoda an independent position. It is made up 
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of masses of ganglia, whioli lie near the oesophagus (Fig. 165, d). 
A larger ganglion lies transversely across and below the oesophagus, 
or rather, owing to the downward bend of the oesophagus, behind it 
(in the Terebratulida). Two nerve-trunks pass ofE from it towards the 
posterior region, and break up into nerves for the stalk ; they are pro- 
vided with swellings (u ). The nerves for the ventral lamella of the 

mantle are given off from 

f tho swellings on these 

ganglion, however, a nerve- 
trui3: is given off, on each 
side, to the dorsal lamella 
of the mantle, as well as a 
nerve to the arms. Two 
fine filaments surround the 
oesophagus and pass into a 
small ganglion, placed in 
front of, and therefore on 
the dorsal side of, the oeso- 
phagus; this is connected 
with the other ganglion by a 
commissure. In this way an 
oesophageal ring is formed, 

whether the small upper 
ganglia represent central 
ganglia or not. If so, then 
there is this peculiarity, that 
the nerves for the arms 
arise from the ventral gan- 
, . . glia, and we can hardly re- 

W the V dOTsal TOlvThS 

been removed, as well as the left half of the homologous With the ten- 
dorsal mantle, D. V Left half of the ventral tacles of Vermes, even if it 

StS.liS' (TSi. ."Suof-SSK coddle 

front of the oesophagns, and which are connected glionic parts in the oesopha- 
with the ganglion (n) by fine filaments, arc geal ring had altered their 

not figured.) n Anterior. »' Posterior oesopha- position. The ventral gan- 
geal ganglion, oa Generative organs. TnOcclusar- • j. ® 

mnscle. m' Divarioator. m" Ventral adjustor. gboniO maSS mUSt appa- 
}ii"' Accessory Divarioator (after A. Hancock). rently be compared with a 

shortened ventral gangli- 
onic chain ; but to make a safe comparison we must have more exact 
information as to the facts. 


The slight development of the superior ganglia is correlated 
with the absence of higher sensory organs, and this absence 
appears to be an acquired condition, for the four pigment spots, 
found on the first segment in the larva, point to the existence 
of visual organs (Fig. 163), and lead us to suppose that there were 
eyes in the ancestral forms. The two vesicles found in another larval 
form similarly point to the previous existence of auditory organs. 
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Alimentary Canal. 

§ 243. 

In the Brachiopoda the enteric tube commences by the mouth, 
which is placed in the mantle-cavity between the two arms ; thence, 
and without any accessory organs, it passes, generally in the form of 
a short canal, into the widened mid-gut (Fig. 166, d!)] this is 
generally known as the stomach. The portion which arises from 
this passes into an enteric loop in Lingula, which turns towards the 
right side, and opens at the anus into the mantle-cavity. This last 
portion of the enteron is rudimentary in the Testicardines, and 
generally terminates by a cascal-sac which turns towards the 
ventral valve of the shell ; from this a solid chord, which is perhaps 
the obliterated remnant of the enteron, is sometimes continued on. 
The end is sometimes widened out into a bulb. 

A special peculiarity in the Brachiopoda is the way in which the 
enteron is attached. A lamella extends from the mid-gut to the 
wall of the body ; this is the gastro-parietal band, which thus forms 
a kind of partition in the coelom. It might be regarded as a dis- 
sepiment, formed in connection with the already noted metamerism 
of the body. This view of its meaning is, when we compare it with 
the arrangements seen in the Annelides, confirmed by its relations to 
the excretory organs. A second lamella, the ileoparietal band, is 
similarly attached to the hind-gut. 

All the structures worthy of note which are differentiated from 
the enteric wall are to be found in the mid-gut. Thej have the 
form of branched tubes, which in many open into, or behind, the en- 
largement of the enteron, already spoken of as the stomach, by several 
pores (Crania), and in others are united into several (four) efferent 
ducts (Lingula). They are more largely developed in the Testicardines, 
where they are arranged in two lateral groups of glands, which 
surround the stomach, and are generally connected with it by a 
number of ducts on either side (Fig. 166, h'). 


Coelom and Circulatory Organs. 

§ 244. 

The coelom is divided by the organs which are embedded in it 
and by the muscles which traverse it, into several continuous spaces 
which are connected with the vascular system, and so form haemal 
passages. These are also continued, as sinuses, into the lameUse of 
the mantle, and into the arms ; in the former they break up peri* 
pherally, and so come to be regularly arranged. The vascular 
apparatus ramifies in these spaces. The chief point as to their 



|[mwal amiig^EQ^ is that the large tranks ran dorsallj along the 
in tius they may be seen to resemble the arrangemente 
^fhich are found in the Vermes. Bat the special points in this 
system of organs require further investigation, 

A saccular organ lying above the stomach is regarded as the heart ; 
this receives a vascular trunk which runs from in front above the 
iibesophagus^ and gives off lateral branches. The former is regarded 
as an afferent vessel (vein). It seems to collect the blood from 
lacunsBi which are placed around the enteric canal. Two lateral 
vessels given off from the heart are united in the Testicardines 
(Waldheimia) for a short distance. In the Ecardines (Lingula) they 
are not given off till later from a median longitudinal trunk which 
passes backwaids on the enteron. Two arterial trunks, which have 
been called aortas, soon divide into two branches, one of which passes 
forwards and the other backwards. The anterior one represents 
the dorsal pallial artery, which divides into a median and a lateral 
branch, and supplies the mantle and the organs which lie in it. 
Smaller arteries are given off from the lateral branch to the 
lacunas of the mantle; they pass to the edge of it, and then 
open after having divided several times. The hinder branch of 
the aorta also divides into two arteries. One runs along the middle 
line, and forms, with its fellow of the other side, an arterial trunk 
which passes to the stalk. The other artery turns forwards, and 
again divides into two branches in the ventral lobes of the mantle 
where it ramifies, in just the same way as the dorsal pallial artery. 
On the two pairs of pallial arteries there is a pouch-like appendage, 
or accessory heart. The blood seems to pass from the ends of the 
arteries into wider lacunas which are placed in the mantle, as well as 
between the viscera, and around the muscles ; and these are con- 
nected with a complicated system of canals, which traverses the 
arms, and is divided into an efferent and an afferent portion. 

As the mantle is a secondary structure, its blood-vessels may be 
regarded as being so also. The pallial arteries are, therefore, of little 
importance, and the large trunks which accompany the enteron 
become of greater morphological significance. The heart appears to 
be a unilateral enlargement of the longitudinal trunk, as are also 
the accessoiy hearts of the pallial arteries. 


Excretory Organs. 

§ 245 . 

The excretory organs found in the Vermes, and adapted to the 
presence of a coelom, are also found in the Brachiopoda, where they 
have essentially the same characters. Like the looped canals of the 
Annelides, these organs have an internal and an external orifice, so 
that I have no hesitation in regarding these structures as homologous. 
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even tlioagh their fanction he modified. There are either one or two 
pairs of them. When there are four, two of them belong to the 
so-called dorsal, and two to the yentral half (Bhjnchonella) ; this 
points to the presence of two metameres, which hare disappeared in 
this portion of the body. The dorsal ones are absent in Lingnla 
and the Terebratulida. The canals, which generally open to the 
exterior near the base of the arms, open into the cwlom, after having 
taken a bent course, by fnnnel-like enlargements (Fig. 166, r), 
which are distinguished by their radially-arranged folds. This 
orifice passes through the ileoparietal band, and is thus directed 
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Fig. 166. Lateral view of the organisation of Waldheimia australis. J) Dorsal, 
V Ventral surface, P Stalk, ll Spirally-coiled arms, hr Branchial filaments, c An- 
terior wall of the perivisceral cavity, d (Esophagus, d' Mid-gut. Liver, h' Its 
openings into the mid-gut. r Internal orifice of the right oviduct (some fold s only 
of the left oviduct can be seen), e Brachial canal, m w' m" m* Muscles to move 
the valves of the shell (after A. Hancock). 


towards the pericardial cavity. The ileoparietal band resembles 
therefore, in its relation to the internal orifice, a dissepiment of the 
Vermes (cf. supra, § 243). 

Although the walls of these canals appear to be glandular in 
character, owing to the possession of projections, villous processes, 
or folds, we know nothing of their function, save that they have a 
relation to the generative organs j so that they appear to form an 
oviduct, and have indeed been hitherto regarded as being such. And 
as the looped-canals serve as parts of the generative apparatus in 
the Gephyrea and Annelides, it is not to be wondered at that they 
have the same relations in the Brachiopoda; but this does not 
exclude the possibility of their having an excretory function also. 
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§ 246( 

In some of the Brachiopoda the arrangement of the generative 
organs is hermaphrodite, so that the separation of the sexes seems 
to be an exception (Thecidium). The organs merely consist of 
germinal glands, in which the sperm and ova are formed. In the 
hermaphrodite form there are four, and in Thecidium two, glandular 
masses. In the Ecardines they lie in the coelom, partly surround- 
ing the enteron and the muscles; in the Testicardines they form 
rounded masses in the cavity of the two lamellae of the mantle (con- 
tinuations of the coelom) (Fig. 165, g); in either case they call to 
mind the character of the generative organs of the Gephyrea, and of 
the Annelides. In the dioecious forms they are ovaries in one, and 
testes in the other. It is not known what relation there is between 
the ovarian and seminal regions in the monoecious forms. The 
generative products escape into the coelom. 

The excretory organs act as the efferent ducts of the generative 
glands, so that here too a primitively unconnected apparatus func- 
tions as an oviduct, or as a seminal duct, according to the sex. 
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MoUusca. 


General Review of the Group. 

§ 247 . 

The general characters of the body, and of its various systems of 
organs, distinctly define the phylum of the MoUusca. Owing to the 
absence of any distinctly-marked external metamerism, the body 
appears to be more compact than in the Arthropoda or Annulata 
among Yermes ; indications of metamerism may, however, be made 
out in various organs. The supraoesophageal position of the 
central nervous system, and its connection with lower-lying ganglia, 
or with commissures surrounding the pharynx, when taken in con- 
nection with the position of the heart, which is always dorsal, are the 
definitely typical characters of this division ; to which we may add 
that in most forms shells are developed from the dorsal surface. 

The complete disappearance of their primitive metamerism, and 
the gaps that there are between the classes here united together, are 
completely explained by the early appearance (pala0ontologicaUy 
speaking) of most of the classes of the MoUusca ; while the forms 
still living are seen to be an exceedingly small part of the phylum, 
which was rich in forms, but which has been continued on in a 
relatively small number of divisions. As yet we know very little of 
the phylogeny of the MoUusca, but their metameric arrangements, 
as indicated by their internal organisation, point to their affinity to 
segmented organisms, the nearest allies of which were some of the 
Vermes. 

Although we can classify the various orders as higher and lower 
yet aU the systems of organs have not been developed to the sanm 
extent, so that we are able to find distinct proofi of the affi^^ 
between every single division and lower forms. ^ 
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I submit the following sketoli of the classification of the group, 
and would remark that many of the older views took note of varia- 
tions, which would still further separate the divisions, and especially 
the smaller ones, of the group. 

L Placophora. 

Chiton, Oxyptochiton. 

II. Concliifera.* * * § 

Lamellibrancliiata. 

Asiphonia. 

Ofitrea, Anomla, Fecten, Mytilni^ Area, Anodonta, Unio. 

Siphoniata. 

Ghatna, Cardiom, Cycdas, Venus, Tdlina, Mactra, Solen, Pholas, 
Teredo. 

Scaphopoda.f 

DentaUnm. 

Gastropoda.^ 

Frosobranchiata. 

Chiastonenra. 

Zengobranchia. 

Fissorella, Haliotis. 

Anisobranchia. 

Fatella, Troohns, Littorina, Oycloetoma, Bissoa, Paludiaa, 
Tniritella. 

Orthoneura. 

Nerita, Janthina, Valvata, Sigaretus, Marsenia, Cypraei^ 
Cexithiom, Btrombne, PtOTOcera, Dolinm, Cassis, Tri- 
tonioxn, Volnta, Harpa, Baccinnm, Kassa, Purpura, 
Murex. 

Heteropoda.§ 

Atlanta, Carinaria, Fterotrachea. 

Opisthobranchiata. 

Tectibranchiata. 

Bulla, Aplysia, Pleorobranchus. 

Nudibranchiata. 

Tritonia, Polycera, Aeolidia, FhyllirhoS, Doris, Phyllidii, 
Fleurophyllidia. 

Saooglossa. 

Elysia, Limai>ontia, Placobranchus. 

Palmonata.|| 

* What led me most to unite all the Mollnsca, with the exception of the Chitonidse, 
into one great division, to which I have given the name Conohifera, was the oonsidera. 
tion that we must recognise the great significance of the shell as affecting the whole 
organisation of these animals. But although the Placophora are thereby sharply 
marked off from the rest, I do not see that there is any sufficient reason for removing 
them altogether from the Molluscan phylum, for it is possible to make out in them 
many points in which they agree with, and are consequently allied to, the Gonohifera. 
I rega^ the Placophora as the remnant of a division, the forms of which were allied 
to the Solenogastres (p. 127) on the one hand, and on the other were the predecessors 
of the Gonohifera. 

t The Scaphopoda form a division which is allied to the Lamellibranohiata as well 
as to the Gastropoda ; but they must not be regarded as a mere intermediate link. 

t The Zengobranchia are, in many points, the oldest of the Gastropoda. 

§ I regard the Heteropoda as an order which has branched off from the Proso- 
branchiata, and is closely allied to the Orthoneura ; but which has developed special 
characters which are not equal in value to those of the Orthoneura. 

II The organisation of the two divisions of the Pulmonata does not seem to me to 
he so markedly divergent as to Twn.Trft them of equal value with the two other orders of 
the Gastropoda. We cannot as yet form a de^te opinion as to many of the genera, 
e.g. Onohidium, of the Nephropneusta. 
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Gastropoda {eoniinued). 

BrancbiopneaBta. 

LymneBiis, Planorbls, Anrioola. 
Kephropnensta. 

HeliXi Bulimns, Olanailia^ Idmax, Arion. 

Pteropoda.* 

Theoosomata. 

HyiUea, Oleodora, Ohresois, Oymbolia. 
GyxnnoBomata. 

Clio, Pneomodermoxu 

Ceplialopoda.t 

Tetrabranohiata. 

NantiloB. 

BibTsnbbiata. 

Deoapoda. 

Bpirnla, B6pia» Bepiola, Loligo. 

Ootopoda. 

Octopna, Tremootopiu, Bledcme, Aiym a iria. 
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1841.— Quatbbbages, Anatomle von Teredo. Ann, des sc. nat. HE. xi.— Lovix, 8., Bidrag till 
k&nnedomen om utveoklingen of Moll, acephala. Kongl. Yetensk. Acad. Hand!. Stook^hn, 
I860.— Kbbbb, BeitrEge znr Anatomie und Physiologie der Weicbthiere. 1861.— DAVAnrs, 0., Snr 
la g6n6rat. des Huitres. Paris, 1863.— V. Hessluto, Die Perlmnscheln. Leipzig. 1869.— Laoazb- 
Duthibbb, Anatomie von Anomia. Ann. sc. nat. lY. xi.— L. YAiLZiiri, Bur la nun. de Tridao- 
nides. Ann, so. nat. Y. iv.— Sabatxeb, A., Etudes sur la moule commune. M6m. de I’Acad. des 
, So. de Montpellier. 1877. 

Soaphopoda:' Laoazb-Duxhibbs, Hist. nat. organis. d^veloppement, etc. dn Dentale. Paris, 1858. 

Gastropoda : Kobuxab-b, Monographie des Tergipes Edwardsii. M6m. de I’Aoad. Imp^riale da 
St. petersbourg. IV. 1843.— Alsbb and Hajtoook, Monograph of the British Nudibranchiate 
MoUusoa. Bay Soo. I.— YIL 1846-56.— Havoock and Exbi.btox, On the Anaton^ of Eolis. 
Ann. and Mag. of Nat. His. XY. 1846.— The same, On the Anat omy o f Doris. FhU. Trans. 1863. 
Pt. II. — Haxoocx, Anatomy of Doridopsis. Trans. Linn. Boo. XaY.— Leydxg. Debar Paludina 
vivipara. Zeitsohr. f. wise. Zool. IL— Huxley, On the morphology of oepnalous MoUusoa. 
Phil. Ti^s. 1863.— Bbsoh, Bidrag til en Monograph of Marsemademe. EongL danak. 
Yidensk. Belsk. Skrifter. 18^.— The same, AnatomiskUDdersSgelse of Fiona atlantioa. Yidensk. 
Meddelelser for 1667.— The same, Anatomisk Bidrag til Eundskab om Aeohdieme. Danske 
Yidenskab. Selskabs. Skrifter. 1864.— The same, Bidrag tU en Monographi of PlenrophyUidieme. 
Naturhist. Tidsskrift. 8 BSkke. 4 Bind. 1806.— The same, Bidrag til en Monographi of PhyUi- 
dieme. ebend. 6 Bind. 1869.— The same, Malacolog. TJntersuoh. Heft. I.— X. wieabad. 1870-76. 
— Clap A xhDB, Anatomie und Entwickelungsgesch. der Neritina fluviatilis. Arch. f. Anat. 1867. 
—The same, ]Mitrilge zur Anat. des C^olostoma elegans. ibid. 1868.— Laoazb-Dutxibbs, Anatomie 
du Pleurobranohe. Ann, xiat. so. lY. xi.— The same, Anat. et I’Embiyog^nie des Yermets. 
Atiti. bo. nat. lY. xiix.— Lawbox, Anat. etc. of Limax maximns. Quart. Journal pf Mior. So. 
1868.— Fol, H.,Sur le d6veloppement des H^toropodes et des Gastoropodes palmon6es. Oompte^ 
rendus. T. t.vyxt , Nos. 11 et 13. Archives de zodogie. T. Y. 

* In many points of their organisation the Pteropoda indicate a relationship to the 
Cephalopoda, but this can only be regarded as a very distant one. 

t Most of the oldest fossil forms probably belonged to the Tetrabranohiata, which 
are repiesented by only one extant genus ; at the same time these fossil forms varied 
greatly in character. 
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pinifr 4, ^UMtoetSii^ 1888.— 7 ol, H., S tir l6 d^rdomie- 

Oii|^1i0!p0l>S t -Smiurt,^ X6UgC|>Bi8. Tram. ZooL Boo. 1888.— Ovrsir, Memoir on ihe Pearly 
gutllna Itfiito, 1888.— The eame, Artiole on OephatoPoda in Todd*B QydopSBdia. I. 1886.— 
VAiawOiiim, Konveta retflierohea anr le NaaMle ilamb8. AxohiTes dn Mneenm. 1841.— 
Baem» Anafc^ie der Seplola. Aroh. t Anat 1848.— SioLLmuk Bntwiokelimgeffesoh. der 
de^balonodfln. Z6ri6h, 1844 .— Vait nn Hoinir, sydrai^ tot de Ontleedkimdige l^nis aan- 
ffaimrte rfanttlna pomnilins. Amete rdam, 1866;— QnaAoxas, Znr Bntwick. du Oephalopod. 
SSeitaolirift 1 wiaa. Zooooe. Bd. XXiV. p. 419.— 7ol» H., Kote a. h d4treloppement dee Mollusquea 
pl4KV6|)pdeaoto4|pha3^^ sa. Aridi. de aooL T. HL— BoBaaiBXT.TTnteraindi. dber die Bntwiok- 
iftan gderO ephailopodttL Kaohr. d. k. GeaeUaeb. der Frecnde A NatarkenntniM etc. an Moakan. 
Bd. XZXT» (Bnaaian.) [BiTXiurzxfltiB, Deyelopment of Gepbalopoda, Quart, ^onm. Mlc. Sci. 
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Form of the Body. 

• § 248. 

The general form of the body of the MoUusca must be regarded 
as one so much altered by the relative positions of many organs, 
owing to the formation of shells, that it has only been possible to 
recognise a ground-form, which shall represent the common origin, 
by comparing the earlier larval stages with several mature forms, 
Tlie Placophora have a worm-like larva, and a similar kind of 
external metamerism is indicated by the number of circlets of cilia 
seen in the Gymnosomatous Pteropoda, The relations thus implied 
are retained by the Placophora in their mature condition, at least in 
the dorsal portion of the body. This is separated from the ventral 
portion by a groove, and so defines two regions, which are found 
also, under the form of mantle and ‘^foot,^^ although much 
changed, in the Conchifera. The differentiation of a gutter-like 
ventral surface in the Solenogastres (cf. p. 130), as has been already 
explained, points to the Mollusca having genetic relations to these 
worms; tins supposition is confirmed by the characters of the 
nervous system. 

The Lamellibranchiata and Gastropoda, as well as the thecosoma- 
tous Pteropoda, develop a well-marked circlet of cilia in the region, 
which, later on, corresponds to the head ; this circlet is afterwards 
carried on a special, symmetrical, and lobed process — the Velum. 
The primitive significance of this circlet is clearly shown by its 
presence in otherwise divergent divisions, and is even still more 
important from the fact that we can recognise in this organ the 
circlet of cilia which surrounds the same part of the body in many 
Vermes (cf. § 107). The velum of the Mollusca may therefore be 
regarded as an organ inherited from a lower stage. 

Below the velum the rudiment of the opening into the enteric 
cavity is formed. As in the Placophora, the formation of a dorsal 
shell in the Lamellibranchiata does not prevent the enteric tube 
from being continued to the aboral pole of the body ; for in the 
Placophora the shell, as well as the mantle which carries it, is adapted 
to the whole body, and in the latter it is principally developed at the 
sides. We are able, therefore, to distinguish a primary axis, which 
extends from the oral to the anal pole, and which is crossed by two 
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secondary and yarioosly-difierentiated axes — ^the dorso-yentral and 
the transverse. The body is therefore of the ori^mal eudipleoral 
form^ whicb is the dominant one in the Yermes and Arthropoda. 

These relations are difEer^t in the Gasiropodai where the dorsal 
cup-like shell gradually encloses the gre^r part of the body» and 
leaves a small portion only of the snrface of the body e:i^s^ in 
addition to the head and foot. So that while in the previoas case 
the shell was adapted to the body^ in this case the soft pi^ of the 
body are adapted to the s^le shell The body^ therefore^ becomes 
asymmetrical^ and the aboral pole no longer carries the aaii% whkh 
becomes lateral in position in consequence of the flexure of the 
enteron ; this flexure is due to the formation of tiie shelL All df? 
the many variations from the symmetrical ground-form, which aie 
seen in the Gastropod-body, may be regarded as due to ihis. 

The primitive similarity in the form of the body, due to the 
possession of a shell, undergoes great modifications even among the 
Gastropoda; the Yeliger stage is not always developed, and has 
never yet been observ^ in the Cephalopoda. But even in this class 
the form of the body, and the disposition of its viscera, may be seen 
to be, in all forms, due to the possession of a shell. 


§ 249. 

The velum has different functions in different divisions. In the 
Lamellibranchiata, where it functions for some time as a locomotor 
organ, but where it is never independent and soon atrophied, its 
function is not very great. This may, perhaps, be correlated with 
the rudimentary character of the future head, and this, again, with 
the rapid disappearance of the free mode of life in this division 
(Acephala). 

Two folds, however, which are given off laterally from the dorsal 
surface, become considerably developed and form a mantle; they 
surround the body, and excrete 

A 


the shell, which corresponds 
with the lamellss of the mantle 
in form and size. 

A space, which functions 
as the respiratory cavity, is 
developed between the edges 
of the mantle; branchiaa are 
developed from the body- wall, 
and project into it (Fig, 167, 
A hr). In a few Lamelli- 
branchs (Asiphonia) this en- 
trance into the mantle-cavity 
is a cleft of some size, by 
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Fig. 167. Diagram of the relations of the 
foot and mantle, as seen in transyerse seo- 
tion. In Lamellibranchiata. J91nCepha« 
lopbora. m Mantle, p Foot, br Branohiee. 



which water passes 


in and out, 

and so carries in nutriment and removes excreta. In most, the 
two edges of the mantle grow together, and so shut off, more 
or less completely, the cavity which surrounds the gills, and cause 
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the iiwo fitreams of water to enter and escape from it with greater 
regularity. 

The least amount of concrescence which is observed, gives rise to an 
anterior larger, and a posterior smaller, orifice (Mytilidee) . The former 
serves as an outlet for the foot, and as the orifice of entrance for the 
food, while the latter, in correspondence with its position, is the orifice 
" of exit for the f cecal matters, and of the water that has served for respi- 
ration. In the Chamaceae there are also two large openings behind 
the anterior and larger cleft, through which the foot is protruded, and 
which serve respectively for the entrance and exit of water ; this is 
an aiTangement which attains a higher grade of development in a 
large division of the Lamellibranchiata (Siphoniata) . That part of 
the mantle which surrounds these orifices forms an elongated tube 
(siphon), which undergoes other modifications in addition to its con- 
crescence. The respiratory tubes may sometimes be formed by 
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Fig. 168. Lateral view of tho mantle-cavity of a Mactra; the right mantle-lamella 
has been removed, hr h/ Branchi®. t Tentacle, ta tr Siphons, ma Anterior, 
mp Posterior adductor, p Foot, c Umbo, 


separate portions of the mantle ; or there may be a respiratory tube, 
which is single externally, and is only divided internally into two 
canals by a partition ; or the two conditions may be combined 
(Fig. 168, tr ta ) ; or, finally, two completely separate tubes may be 
developed ; an upper one, the inner orifice of which is opposite the 

anus, and serves for the exit of the water, 
and a lower one, by which the water passes 
in. The investment of cilia causes the 
two streams to pass regularly in and out. 

Through these forms we are led up 
to those* in which the respiratory cavity 
is most completely closed, and the pallial 
tubes most developed. Tlus is accom- 
panied by a diminution in the size of the 
cleft in the mantle through which the 
foot is protruded. This has become much 
narrower, and is placed some way from 
the respiratory tubes, so that the greater 
part of the edges of the mantle have grown together, in consequence 
of which the body of the animal is sac-like (Boring Mollusca). The 
orifice of passage for the foot is now placed at the anterior end, and the 



Fig. 169. The same animal 
with its foot and siphons re. 
traoted. ms Siphonal mnscle. 
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two respirafory tubes in the opposite region of the body. They are 
continued into special divisions of the mantle-cavity, owing to the 
division of the latter into an upper smaller, and a lower larger 
cavity, which are separated by a partition. The water is brought to 
the lower one by the efferent tube, and passes through the gills ; 
streaming through the orifices in them, into the branchial plates 
or the intrabranchial cavity, and so into the upper division of the 
mantle-cavity, into which the anus also opens. 

The edge of the mantle is often the seat of special differentia- 
tions, which are generally of the form of tentacular processes, and 
are sometimes of a fair size. 

The second differentiation in the body of the Lamellibranchiata 
affects the ventral surface, which is differentiated even in the 
Placophora ; it becomes fiattened, and serves as the organ by which 
the animal creeps along. It is formed by the development of a 
muscular foot, which is more or less separated from the rest of the 
body (Fig. 167,-4 p), and which can be protruded from the cleft in 
the mantle, sometimes to a considerable extent. It is then hatchet 
or club-shaped, and functions as a locomotor organ. The two lateral 
surfaces of the foot are ordinarily produced into a median edge, but 
in some it is fiat and sole-shaped, as in Chitons. 

Many Lamellibranchs live under conditions in which this organ is 
not required, and it is then atrophied, as in the fixed Oysters and 
Anomi 80 , and Scallops ; in the latter, locomotion is effected by the 
action of the mantle and its shells. 

The Scaphopoda are forms allied to the Lamellibranchiata, but 
intermediate between them and the Gastropoda. The body, which 
is enclosed by a shell, is provided with a mantle-cavity, from which a 
trifid foot can be protruded. A part which carries the mouth is head- 
like in form, but is really more of a proboscis, for it does not contain 
the nerve-centres, and is, moreover, enclosed in the mantle-cavity. 


§ 250. 

The velum is largest in the Gastropoda and the thecosomatous 
Pteropoda, and is ^sent in those only in which the earliest larval 
stages are not free (Land Snails). It has the form of a large, and 
frequently symmetrically lobate, organ (Fig. 170, A B 0 v), which in 
some is retained for a longer time, and so enables the body to continue 
swimming about (Macgillivraya). The development of this organ, 
which in its lower stages is merely represented by a circlet of cilia, 
appears to be correlated with the development of a shell, for when 
this is developed the cilia are less widely distributed. The cephalic 
portion of the body is alone free; and it compensates for the absence 
of other locomotor organs by the great development of its cilia, and 
of its ciliated margin. The velum increases in size, and undergoes 
great complications of form, in proportion to the increase in ihe 
weight of ^e body due to its shell. 



Just as in the LsmeUibranchiata, the mantle rises up in the 
form of a fold of tiie body-wall, which covers over the dorsm snrfece 
and forms the shell on its outer side. As this dorsal area of the 
body—ediich is surrounded by the mantie-fold, and the shell, 
which is being developed into its house—continues to bulge out, it 
gradually forms a blind sac, which soon contains the greater part of 
the viscera (visceral sac) ; in this way the viscera come under the 
direct protection of the shell. As development goes on, the mantle- 
fold becomes less intimately connected with the body, and gives 
rise, inferiorly, to a wider cavity, in which the growing gills are 
contained, and which is homologous with the branchial cavity of the 
Lamellibranchiata (Fig. 167, A B). This development of a fold of 
the integument into the mantle, and the consequent appearance of a 



Fig. 170. Lams: .A Of a Gastropod; B Later stage. G Of a Fteropoci 
(OymbuUa). v Velum, c Shell. j> Foot, op Operculum, t Tentacles. 


subjacent space, the branchial cavity — ^which looks like an invagi- 
nation from the exterior — undergoes modifications, which are largely 
due to the formation of the shell. In consequence of the mantle 
growing unequally on either side, and not equally, as in the Lamelli- 
branchiata, and from the^ct that it is principally developed at one 
point in connection with the development of the shell, the branchial 
cavity comes to be a single cavity, placed in the same region. This 
r^on is either beneath the hmder portion of the mantle, as in the 
Pteropoda (Pig. 170, 0), or beneath the anterior portion, as in most 
of the Gastropoda 0 ). The want of symmetry, which is due to the 
coiling of the shell, causes the branchial cavity of most Gastropoda 
to lie on one side; this is an adaptation to the larger amount of 
space which is afforded by the lateral portion of the shell. The 
production of the unilateral and asymmetncal branchial cavity from 
a paired and symmetrical space is proved by numerous facts; so 
that we are led to think that the asymmetry of the shell is probably 
a secondary arrangement. 

A number of degenerate and more perfect arrangements have 
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principallj seen ss ^erentiaidons of the d the mantle^ an^ 
are connected with the function of the branchm cayity. Part of the 
edge of the mantle is produced into a groote, which serves to bring 
in water, and which may be converted into a tube by the folding 
over of its two edges. We meet with a siphon of this kind^ though 
in all stages of gradual differentiation^ in a large number of aquatic 
Gastropoda (Buccinum, Dolium, Harpa^ Tritoniumj Murex^ etc.). A 
second siphon^ formed in the same way, but smaller in size, is 
generally found at the opposite end of the branchial cavity; it serves 
to carry the water out from it. Various other kinds of processes, or 
tentacular appendages, lead to fresh complications in its structure 
(e.g. in Strombus, Pterocera). 

When the shell undergoes atrophy the mantle generally does so 
too. This is mostly the case in the division of the Opisthobranchiata, 
some of which have a more or less rudimentary shell ; while in others, 
when adult, there is no shell at all. As all these forms had a shelled 
larval stage, the atrophy of the shell must have been brought about 
during their ontogenetic development ; and it follows that those 
Opisthobranchiata, which are naked in their later stages, were derived 
from forms that had shells. The larval shell and its accompanying 
mantle-fold, even though feebly developed, are therefore rudimentary 
organs, which prove that the naked Opisthobranchiata had the same 
origin as the rest of the Gtistropoda. Where these rudimentary shells 
are retained by the adult animal they must even then be regarded 
as degenerate parts, and not as developing shells ; for here again a 
comparison with the larval forms shows that the shell had a much 
greater significance than have the rudimentary structures found in 
the adult stage of these organisms. It is of great importance also 
as explaining the position of the anus and of the genital orifice, 
which can be due to nothing but a former greater development 
of the shell. 

Within smaller divisions also we meet with series of degene- 
rating parts, as for example in the Heteropoda, where Atlante has 
a well-developed shell and mantle, while in Oarinaria they are both 
rudimentary, and in Pterotrachea completely lost. A similar series 
is observable in the Nephropneusta. 


§ 251. 

The varying extent to which the Foot is developed is of im- 
portance as affecting the form of the body. In the larvae of the 
Pteropoda and Gastropoda it has always very much the form of a 
short, conical, somewhat-flattened process, placed below the mouth 
(Pig. 170, A jp). On the hinder, or dorsal surface, a shelly secretion 
is formed, which serves as an operculum for the orifice of the shell. 
Owing to its increase in size, especially in the aboral direction, the 
foot of most Gastropoda comes to have a broad lower face, which is 
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remon ol its hemg called a foot (Fi^. 171, B). Sometimes, 
lioweret', it is elongated, and, at others, £scoid in form. In most 
the Gastropoda the foot is only sharply marked off along its 
‘ plantar margin. In many of the lower Prosobranchiata (Halioti^ the 

surface of the body above 
the foot is drawn out into an 
encircling edge (epipodium), 
which is distinguished from 
the mantle by surrounding 
the head. The foot of the 
Heteropoda is differentiated 
into a more independent organ, 
which springs from the ventral 
surface of the animal, and 
forms a vertical fin. The body 
is continued in front of, as 
well as behind, the foot. This 
arrangement is very different 
from the primitive one; the body has no longer a flat surface, 
although the end of the foot in Atlanta still carries an operculum. 
The structure of the muscular sole of the Gastropod foot is retained 
in rudiment as a sucker-like organ, which in the Pterotrachees is 
found in the males only. And we are reminded by this that even 

when fully developed the foot of the 
Gastropod functions as a sucker, for the 
animal is able to attach itself by it. 

The modifications undergone by the 
foot in the Pteropoda are still more 
significant. The foot, which, in the ear- 
liest larval stages, is formed in just the 
same way as in the Gastropoda, gives 
rise, in the Cymbulidae and Hyaleid^, to 
a median and two lateral pieces (cf . Fig, 
170, Cpp). In the Hyaleida9 the median 
portion is feebly developed, while the 
Kg. 172. Diagram of the reU- lateral lobes become large fins, which 

Pt“ro?oda! TCoephalo” embrace the rudimentary head, just like 
poda. p Toot, hr Branchiee. Wings ; m the Cymbulidae the median 
t Tentacles. piece is also well developed. It either 

fuses at its base only (Oymbulia), or along 
its whole length (Tiedemannia), with the two lateral lobes ; in this 
way the large fins of these animals are produced. 

§ 252. 

The greater development of the head in the Cephalopoda is an 
important p^nliarity as affecting the form of the body, while the 
mantle acquires the same relations as it has in the Thecosomatous 
Pteropoda, from which therefore they may be derived. The cavity, 
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Fig. 171. Diagram of the relations of 
the mantle and foot $ yerfcioal section. 
A In Lamellibranchiata. B In Gephalo- 
pora. m Mantle, p Foot, hr Branchiae. 
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arclied over by a fold of tbe mantle^ occupies tbe binder part of 
back^ and so forms that region wbicb is ordinarily known as tbe 
ventral surface. To make these relations clear we must imagine 
tbe animal placed in sucb a position that tbe abdral end points np* 
wards, and tbe bead forwards and downwards (cf. Fig. 172). AH 
the body above tbe bead would then correspond to the dorsum of 
tbe Gastropoda. Tbe mantle is sometimes separated from tbe bead 
by a circular groove (Sepia) ; sometimes this fold of tbe mantle is 
directly continuous with the integument of the bead at tbe sides of 
tbe neck (Octopus), so that tbe mantle forms a fold above tbe 
branchial cavity only. Lateral processes of this mantle function as 
locomotor organs (jEiiis) ; in the Sepiadea they are generally smaU, 
and extended along its whole length; in the Loliginidse they are 
broader, but are limited to the aboral end of the body. 

The formation of the mantle-cavity and the position of the anus 
lead us to the conclusion that this arrangement is due to the 
primitive possession of a shell which covered the whole mantle ; and, 
indeed, the shelled Cephalopoda are by far the older forms, while 
the remarkable variations seen in the characters of their shells lead 
us to think that this structure had a very ancient origin. 

An organ which has the same position as the foot of the 
Gymnosomatous Pteropoda — the funnel — corresponds to the foot of 
the Gastropoda. In Nautilus it is formed of two lamellae, which 
arise from the ventral surface below the head, and which form a 
tube by being rolled over one another ; this tube projects from the 
mantle-cavity (Fig. 175, i). In the Dibranchiata this organ cannot 
be seen to be composed of two lateral parts, except in the embryo; 
they take their origin in the space between the mantle and the 
rudiments of the arms. By growing together and graduaUy fusing 
they form a tube which is similar to the one formed in Nautilus, 
except that it is closed. The mantle, which is also muscular, is 
attached to the periphery of the funnel; this effects powerful con- 
tractions, and so drives out the water which has entered the 
mantle-cavity between the funnel and the edge of the mantle ; and 
the animal is driven in an aboral direction by the force produced by 
the expulsion of this stream. The organ retains, therefore, its 
primitive locomotor function. 


Appendages. 

§ 253. 

In tbe Mollusca tbe development of a cephalic region is 
closely connected with tbe differentiation of processes, wbic\ I 
regard as appendages, inasmuch as they are homologous with die 
antennm and tentacles of Arthropoda and Vermes, and when more 
highly differentiated are able to undertake tbe duties of appendages. 
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These structuresj which are known as tentacles, are absent in the 
Flacophora and in the Scaphopoda ; the processes which are found 
around the mouth in the latter group being structures of a special 
kind, and not appendages as here limited. 

In the LamelHbranohiata, lobate appendages (Fig. 168, t) (the so- 
called labial palps) are attached to the altogether rudimentary head ; 
they may be homologous with the more highly-developed tentacles, 
which distinguish the cephalic region of the Gastropoda. As in 
many Platyhelminthes they are, when simplest, short processes of the 
body, but they undergo great differentiations. In the Proso- 
branchiata they are generally limited to two, and are formed from 
the surface which is surrounded by the velum (cf. Fig. 170, JB ^). 
In many forms the eye is placed at the base of the tentacle, which 
may be developed into a special process. The same happens in 
other forms, where the optic organ is placed on an optic stalk dif- 
ferentiated from the tentacles, and which, when more independent, 
may give rise to four tentacles, as in Helix, Limax, etc. These are 
invaginated when they are retracted, and are so far more highly 
developed. Many Opisthobranchiata are distinguished by the pos- 
session of a pair of tentacles, which are greatly developed (Fig. 177, 
it), but in addition to them there are other tentacular cephalic 
appendages, which characterise the various subdivisions merely, 
according to the way in which they are arranged, and according to 
the number present. 

They have undergone degeneration in the Thecosomatous Ptero- 
poda, for in these forms the tentacles are either completely absent or 
are rudimentary (Ohreseis). The development of the parts of the 
foot which in them are converted into fins, does away with the 
necessity for the development of the cephalic tentacles, and explains 
why they are absent, just as, on the other hand, the distance of the 
fins from the head in the Gymnosomatous forms is the cause of the 
development of their tentacles. In these latter they have all kinds 
of forms, and one or more pairs of processes (Cephaloconi) are 
present in addition to the superior tentacles ; these lead up to the 
tentacles of the Cephalopoda. In Pneumodermon, indeed two of 
these bodies are beset with suckers. 

§ 264. 

In the Cephalopoda the large number of tentacles, which are 
arranged in rows on either side, and spring from lobate processes, 
distinguish the head of the Tetrabranchiata. In the Dibranchiata, 
where they form arms, there is a smaller number of them, but they 
are larger. The Loliginidae, Sepiadae, and Spirulidas have ten arms. 
Two of them, which are longer, and in other points different from the 
rest, are placed outside the circle around the mouth, which is formed by 
the other eight ; and as they spring from pouches which are arranged 
in pits at the side of the head, they must be distinguished from the 
inner series ; so that these inner ones are always eight in number in 
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all Dibranchiata. Tbe arms of the Octopoda^ like the similar ones in 
the Decapoda, are connected together at their bases hj a web, ex- 
cepting the pair which are nearest to the sides of the mhnel. . This 
connecting membrane extends farther in some Ootopoda ; sometimes 
over a few of the arms only (four in Tremoctopus), or over them all 
(Histioteuthis, more completely in Cirroteuthis), and is continued 
right up to the tips of the arms. 

The suckers are special structures found on the arms of the 
Cephalopoda; they generally beset the 
oral surface of the arms in two rows 
(one in Eledone), and not unfrequently 
they are carried on stalks. Their free 
edge has often a cuticular thickening 
which has the form of a chitinous ring, 
and is sometimes toothed. Where a 
particular tooth is largely developed the 
sucker disappears, and is replaced by a 
hook (Onychoteuthis). 

In many Cephalopoda certain of these 
arms are peculiarly altered by function- 
ing as copulatory organs ; even in 
Nautilus the tentacles perform this func- 
tion. It is not always the same arm 
that is thus metamorphosed; as a rule 
it is one of those which belong to the 
so-called ventral side of the animal. 

The mode of metamorphosis varies 
greatly in the different divisions ; it may 
merely consist in the alteration of a part 
of the base of the arm (Sepia), or a 
more or less large number of the 
suckers may be altered, or the tip of 
the affected arm may be provided with 
a spoon-Uke hoUow process (Octopus, 

Eledone). ^ ^ Second pair of arms. Third 

The highest grade of this adaptive left arm. Inferior pair of 

metamorphosis is seen when the arm ^ Heotoootjlus. a? Its 

, * . I • j • • terminal vesicle, y Filamen- 

becomes peatly increased in size, as tons appendage, set free from 

well as different in organisation inter- the terminal vesicle, i Funnel, 
nally (Argonauta, Tremoctopus). This 
hectocotylised arm^^ is not developed, as are the others, by 
a process of free gemmation, but it is formed in a vesicle, from 
which it is not set loose ^ it is mature. The greatly-coiled 
flagelliform end of the arm (Fig. 173, y), which is not set free till 
the time of copulation, has a similar covering. This appendage, 
with its investing membrane (»), corresponds to the modified end 
of the arm in Eledone and Octopus. The more highly differen- 
tiated copulatory arms may continue to live within the mantle- 
cavity of the female for some time after they are broken oft; this 
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‘‘4a ‘Ike v£hB<m why these separate arms were formerly regarded as 
'parasitic oigaaisms (Hectocotylns), 

STSSliSTEiTF, J., Heotoootyldannelsen. Kongl. Dansk. Vid. Selsk. Skrifter. Y. B. 


Integument 

§ 255. 

The body of the MoUusca is covered by a soft dermal layer, 
which is, as a rule, so closely interwoven with the subjacent muscles 
as to form a kind of dermo-muscular tube, just as in the Vermes. 
The locomotor organs are formed by the great development of the 
musculature in certain regions of the body, and by the consequent 
difPerentiation of some parts of the dermo-muscular tube. 

In most divisions of the MoUusca there is an investment of 
cilia during the larval stages, which later on extends over the whole, 
or some parts of the body. The cilia in the velar circlet (§ 248) are 
those that are most markedly developed. The rest are chiefly 
found in the respiratory organs. In the Cephalopoda even, nearly 
the whole surface of the germinal disc (save the gills) is covered with 
cilia during development; later on a ciliated epithelium may be 
found on the yolk-sac also. 

The integument is easily distinguishable into an epidermis and 
cutis. In many Heteropoda (Carinaria, Pterotrachea) the latter is 
specially modified ; a strong transparent layer of connective tissue 
preventing any great amount of change in the form of the body. In 
the rest of the MoUusca the body is generally prevented by the 
shell, which is developed from the integument, from undergoing any 
great changes in form. 

The coloration of the body is due to the deposits of pigment in 
the integument. The most remarkable structures concerned in 
coloration are those which are found in many Pteropoda, and in all 
Cephalopoda — the chromatophores.^^ Thejjr are rounded cells, 
which are placed at various depths in the integument; they are 
fiUed with granular pigment, and are provided with radial muscular 
fibres at their periphery ; when these fibres contract the cell broadens 
out, and the pigmented contents are thereby distributed in such a 
way that they become eeisily visible to the eye, as large, stellate, 
and often branched spots. Plate-like elements are found deposited 
in a layer, which is sometimes differentiated, and these give a 
silve^ appearance to many parts of the body (spangled layer). The 
varying character of these several layers produces that play of colour 
which we admire in the skin of the living Cuttlefish. 

Other deposits are found in the integument, such as those formed 
of carbonate of calcium, which are common in the Gastropoda; these 
are either simple granules, or laxger rounded concretions, or they 
may be rod-shaped, denticulate, or even branched ; there is often a 
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large number of them, so that they may form a veritable calcareous 
network, as in Doris, Polycera, etc., the various species of which are 
distinguished by the special manner in which the various calcareous 
rods are grouped or arranged, as well as by the way in which they 
are formed. 

§ 256 . 

The glands are differentiations of the epidermis; they partly 
resemble the structures found in Vermes (unicellular glands). When 
simplest, these organs are modifications of epidermal cells, which 
are placed between other cells, but are distinguished from them by 
having finely-granulated contents and a mouth (goblet-cells). They 
are found in the Lamellibranchiata as well as in the Gastropoda. In 
the Cephalopoda they are more commonly arranged in groups, and 
their blind ends extend below the level of the epidermis. In the Gas- 
tropoda — ^and especially in the terrestrial Pulmonata — they are found 
to be placed still deeper in the integument. These glands are variously 
modified in different parts of the body. Those found at the edge of 
the mantle in the shelled Gastropoda are examples; they secrete 
a fluid in which calcareous salts are dissolved, while others secrete 
colouring matters. 

In Aplysia the dermal glands secrete a dark-red fluid. In 
Murex and Purpura a layer of epithelium, which is placed between 
the gills and the hind-gut, and in the mantle-cavity, functions as a 
gland; this layer is formed by large superficially-ciliated cells. 
Their secretion gives rise to the substance known as Tyrian purple. 

Some Opisthobranchiata (-^olidiee) are characterised by the 
possession of urticating cells, which are placed on the ends of 
their dorsal papillae. 

The By ssus -gland of the Lamellibranchiata is a more inde- 
pendent glandular organ of the integument ; when it is formed the 
foot undergoes certain modifications ; it becomes, that is, a tongue- 
shaped process grooved on its ventral surface. The groove passes to 
a depression at the base of the foot, at the bottom of which there is a 
gland which secretes the so-called byssus.^^ Pecten, Lima, Area, 
Tridacna, Malleus, Avicula, Mytilus have an organ of this kind; 
but it may be considered as generally present, for it is found for a 
time in the embryos of the Naiades and of Cyclas. Some divisions 
of the Gastropoda (Helicinm, Limacines) have also a gland in their 
foot, which opens anteriorly and below the mouth, A large number 
of other kinds of glandular organs are also developed from the 
integument. 


Shells. 

§ 267 . 

The .tegumentary investment is of special importance, for it 
secretes firm substances, which are laid down in layers, and wUch 
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produce the varied forms of test and shell which characterise the 
Molluscan phylum. The hard structures, therefore, of this division 
differ essentially from those which are found in other classes of 
animals, by the way in which they are developed. They are 
products secreted from the body, and deposited on its exterior, and 
are of great importance as organs for the support and defence of 
the organisms to which they belong. They, just as much as other 
differentiations from the integument, imply that the outer dermal 
layer has a secretory activity. Although the outer layers of these 
structures often appear to be — as is especially the case in large 
shells — distinct from the organism, the shells always do form a paH 
of it, and are at many points directly and closely connected with 
it ; as, for example, at the insertion of the muscles into the shells. 

The presence of calcified spicules in the integument of the 
Placophora calls to mind the relations which obtain in the Soleno- 
gastres (p. 139). The spicules arise in follicles, and do not reach 
the surface till they are larger in size, when they form slender and 
closely-approximated fine processes, or thicker bodies, which are 
distributed over the mantle. Eight large calcified plates are also 
arranged transversely on it, and form a series of skeletal parts, the 
arrangement of which implies that the body is arranged in a meta- 
meric fashion. As in Oryptochiton they are covered by the mantle, 
there is some reason for supposing that they were developed within 
it, and that they resemble the spicules. The plates would then be 
structures of the same kind, which had been greatly developed, 
while the spicules would be parts which had not enlarged laterally, 
but only vertically. This relation between the presence of a mantle 
and the formation of firm organs, which, when largely developed, 
form shells, is typical of all the other Mollusca ; and the two kinds 
of organs are always intimately connected. Instead, however, of the 
dorsal plates being developed, as in Chiton, the formation is con- 
tinuous, so that it gives rise to a single shell. The shell, therefore, 
just as much as the mantle — ^which we have seen to be homologous 
throughout the series of Mollusca — ^must be regarded as an organ, 
which is widely-distributed because inherited, great as may be the 
adaptive modifications which it has undergone. 

The multifid shell was not replaced by the undivided one by any 
new process, but by the development of one part, for we cannot 
imagine that the shell, which, as an organ investing a large part of 
the body, is one of so great functional importance, appeared all at 
once. But, if the shell was at first an inconsiderable organ, it could 
not have attained to that perfection of function which would have 
been the cause of its being transmitted as a useful arrangement. 
We must therefore suppose that the structure, which later on formed 
the shell, was primitively one of several similar organs, and that it 
gradually got the better of the rest. This gradual development of 
the shell is the only mode which is intelligible, while at the same 
time it connects together the multifid shell of the Placophora and 
the single shell of ^e Conchifera. 
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§ 258. 

The earliest rudiment of the shell appears at the aboral end of 
the embryo, at a spot which is distinguished by the growth of its 
ectoderm. A viscid substance is secreted in the gland-Hke invagi- 
nation which appears at this point (Fig. 174, s). This substance 
gradually fills up the invagination and 
reaches the surface, where it is hardened 
as soon as it comes in contact with the 
water (s'). When the invagination dis- 
appears its edges remain as a raised ridge, 
and so form the rudiment of the mantle, 
which is therefore very closely connected 
with the formation of the shell. This ar- 
rangement, which has been made out in 
the larger divisions of the Oonchifera, 
points to the common origin of this group, 
while it also affords an explanation of the 
cause of the different ways in which their 
shells are formed. When this invagina- 
tion disappears the shell becomes external, 
and then the edge of the mantle either remains below it or more or 
less covers it. The latter arrangement shows how the external shells 
are connected with the internal ones, which are formed when the 
invagination does not disappear, but becomes still further developed 
in the manner already indicated. The shell is then secreted from the 
inner face of the walls of this organ, and it varies greatly in character 
in various divisions, just as do the external shells. 

When simplest, all the lamellse of the shell are similar in 
character ; in many, when in their lowest conditions, it is perforated 
by pore-canals. The simple condition is complicated by the 
appearance of layers of prisms set obliquely or perpendicularly to 
the lamellae. 

The shell increases in surface at its free edge, the deposits 
occurring in layers, and at the side of the mantle ; superficially they 
have the appearance of concentric rings. The shell becomes thicker 
internally by being supplied from the outer surface of the mantle. 
These varying modes of formation give rise to variations in the 
structure of the formed shell, the inner portion of which often 
consists of a large number of superjacent folded layers, the presence 
of which is the cause of the nacreous appearance of the shell (mother- 
of-pearl). These layers are covered, by the external more compli- 
cated and compound layers, which are formed by the ^ge of the 
mantle. The homy covering (periostracum) of many shells is due 
to the same part. 

The shell of the Lamellibranchiata, like the mantle, is developed 
on either side of the body, but it is not calcified in the middle Ime, 
so that it forms two valves, which are connected with one another 



Fig. 174. Embryo of a Hete- 
ropod, transverse section. 
0 Mouth. V Velum, g Enteric 
cavity, p Foot. 8 Shell-gland 
(after H. Fol). 
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along the median line hj means of the nncalcified portion of the 
shell. The hinge is formed at the point where the two valves 
pass into one another ; the non-calcified chitinous substance which 
connects the two shells forms the ligament. Its layers pass into 
those of the shells ; and the two valves are seen to be merely parts 
of a structure which is rudimentarily single, and later on becomes 
so again, and is homologous with the shells of the rest of the 
Mollusca. Near the ligament the valves form alternating and inter- 
locking processes (cardinal teeth) which serve to close the shell more 
perfectly. 

The shells of the Gastropoda are most markedly distinguished 
from those of the Lamellibranchiata by the absence of any uncalcified 
portion. They are not unfrequently internal. 

This internal position is generally found in those Tectibranchiata 
that have a rudimentary shell, and in some Pulmonata. In the latter 
(Helicinse) the shell very soon becomes external, while in others 
(Limacinaa) it remains rudimentary, and placed within the mantle. 
Sometimes it merely consists of a few calcareous concretions. 

The various stages of atrophy are also to be seen in the shells of 
some other divisions, as, for example, in the Heteropoda, in which 
the rudimentary shell of Carinaria is intermediate between the shell 
of Atlanta, which covers in the whole body, and that of the Ptero- 
tracheaD, where it is altogether absent. But these latter have a tem- 
porary shell during their larval life, which covers in the whole body, 
just as it does in the Opisthobranchiata, which are also shell-less in 
later life. Its general presence points to its being a common 
heritage of all the Gastropoda, some divisions of which lose it early. 
The Thecosomatous Pteropoda resemble the Gastropoda in forming a 
shell. 

The animal does not always occupy the whole of the shell. Many 
Gastropoda withdraw themselves from the end of their shell as 
growth proceeds ; and the end is then shut o£E by a layer of shell- 
substance. The same thing happens in some Pteropoda (Chrese'is), 
and indicates the commencement of that arrangement which is so 
much more distinctly marked in the Cephalopoda. 

The substance of the shell, which is a product of excretion from 
the mantle, varies very greatly, from the soft structures of some to the 
firm solid parts which form the shells of most Prosobranchiata. The 
soft form of shell consists of organic substance merely. Shells 
become firmer and horny in character when impregnated with cal- 
careous salts ; and when the inorganic substance forms the greater 
part of the shell we get strong coverings. 

The simple condition of the cup-shaped embryonic shells persists 
in some Gastropoda, and by growing regularly gets to have a more or 
less flattened or conical shape (e.g. Patella) ; in most, however, it 
becomes spiral by growing out unequally, and these spiral forms may 
again undergo all kinds of modifications. As the embryonic shells 
serve to shelter the whole body, even in those which lose them later 
on, we must look for the typical form in them ; from it all the other 
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forms of shell have branched off. Derived from these we find on 
the one hand those which are more highly developed, and on 
the other those rudimentary forms which have the character of 
degenerate shells. 

§ 259 . 

The simpler shells of the Cephalopoda must also be regarded as 
rudimentary structures, and not as early forms ; as derived, in fact, 
from the more complicated and perfect forms, even if their geological 
succession did not indicate that the shell has undergone gradual 



Fig. 175. Nautilus; median section of a shell, i Funnel, t Tentacles, v Cephalic 
lobes. 0 Eye. h Dorsal lobes of the mantle, ll Connections between the shell and 
the mantle, a Fart of the shell still connected with the right pallial muscle, a Mantle, 
a Siphon, a' Siphonal canal of the shell (after Owen). 


reduction. Their structural characters, as well as their relations to 
the body, that is, to that portion of the dorsal integument which 
represents the ^^mantle,^^ are further instances of the arrangements 
which we have already described. We either meet with straight 
(in extinct families only) or coiled shells, which are formed by the 
mantle, and either completely enclose the animal, or are rudimentary 
and contained within the mantle ; these latter have lost their signifi- 
cance as shells and only form internal organs of support. 

The well-developed shells of the Cephalopoda, as seen in the 
fossil Ammonites and Orthoceratites, and in the extant Nautilus, 
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m stenctiis^ from those of the Gastropoda and 
]S^ul0^moSek* are divided into snocessive chambers, the most 
ildptw of which is alone occupied by the animal, although the 
ones are closely connect^ with it by means of a tubular 
prolongation (siphon), which is given oS by the animal, and traverses 
the partitions l^tween the chambers, ^e animal (cf. Fig. 175) 
occupies therefore the last-formed or youngest chamber only. The 
separate chambers correspond to an equal number of stages in its 
growth ; as each segment of the shell was formed the animd left the 
one before occupied ; and as a partition was formed a new chamber 


was developed. The arrangement, which was merely indicated, and 
rarely seen, in the Gastropoda and Pteropoda, has become typical in 
the Cephalopoda. The straight shells of the fossil Orthoceratites, 
and those of the Ammonites, which are coiled in one plane, as also 
the shells of the Nautilidm, are formed on this type. In these last 
a lobe of the mantle (Fig. 175, h) extends from the dorsal side of 
the animal over a portion of the shell, the greater thickness of which 
appears to be partly due to it. The shell of Spirula is completely 
covered in by the mantle, and is similar in character to that of 


Nautilus, except that its coils are not in contact with one another ; 
the shells of the fossil Belemnites are intermediate between those 


perfect ones which are only enclosed by the mantle and those 
which are placed within it. On account of this the remnants 


of shells, which were in all probability largely internal, are of 
great morphological value. In them the chambers are found in 


a small conical portion only — the so-called phragmocone. The 
separate chambers, which form the parts of the phragmocone, 
look like horizontal sections of a cone superimposed on one another ; 
they, too, are connected with one another by means of a siphon. 
The whole phragmocone is surrounded by thickened layers; but 
these are not distributed equally over it, but form a strong solid 
process (rostrum) behind its apex. The broadened lamella-like 
portion of the thickened layers, which extends forwards over the 
base of the phragmocone, is known as the " pro-ostracum.^^ The 
phragmocone is the homologue of the chambered shell of the other 
Cephalopoda, while the projecting lamella— the so-called pro-ostra- 
cum — ^is a continuation of the wall of the most anterior chamber, 
and the massive rostrum, which is generally the best preserved 
portion of the whole shell, is derived from the simple thickened 
layers, which are formed from that part of the mantle which is 
turned over the shell. 


The so-called “ os sepias of the Sepiades is a flattened shell which 
is completely hidden in the mantle ; its posterior tip, however, often 
projects, and so calls to mind the shell of the Belemnites. It consists 
of several layers, which are rich in organic substances, and are 
separated from one another by layers of calcareous deposits in such 
a way that it appears to be made up of superimposed lamellae. The 
outermost lamella, which is turned towards the dorsal surface of 
the animal, is pretty firm; it passes directly into the posterior end 
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of the shell, and forms the groundwork for the lamellar deposits, 
which often become very thick on the inner face of the shell, the 
curve of which is slight. These shdls may be directly derived from 
those of the Belemnites, espemally if we take into consideration those 
shells which have a free projecting tip^ like the shell of 6. Orbig- 
niana. The solid tip corresponds to the rostoumcl the Belemnites, 
while the alveolar cavities of these latter, and the pro^^ostracum, which 
is continued on from their dorsal surface, is homologous with the rest 
of the shell of the Sepiadse. The partitions which form the chambers 
of the phragmocone in the alveoli of the Belemnites are represented 
by the flat or slightly concave lamellae of the shell of the Sepiadae. 
The layers succeed one another directly, instead of forming separate 
chambers. In this way the complicated shell of the Belemnites, 
when reduced, may be easily seen to be represented in a lower con- 
dition of the shells of the Sepiadac. The shell of the Loliginidae is 
still more reduced; it is merely formed by an elongated flexible 
homy-blade (calamus), which is placed in the dorsal region of the 
mantle. An outwardly projecting carina extends along the middle 
line. This rudimentary shell corresponds to the external, curved, and 
more highly organic portion of the shell of the Sepiadae, and is there- 
fore homologous with the horny-blade of a Belemnite shell. Finally, 
in the genus Octopus, where the mantle is not separated from the head 
in the region of the neck, we find a pair of thin plates, embedded in 
the dorsal integument ; these are the last traces of a shell formed 
by the mantle, and are in all respects comparable to those described 
as existing in the Gastropoda. Inasmuch as the shell is, even in the 
Cephalopoda, formed in the earliest stage by an invagination of the 
mantle (Sepia), the internal and external shells are closely allied ; and 
at the same time we may see that they are connected with the shells 
of other Mollusca. 

The shell of Argonauta is to be regarded as altogether different 
from all these shells, which are intelligible when closely compared ; it is 
not secreted by the mantle, but by a pair of arms, which do not lay 
down lamellar deposits. In the Gastropoda we met with a special 
arrangement by which the so-called operculum was formed ; we 
found this on the dorsal surface of the end of the foot in many 
Prosobranchiata, where it served to shut in the animal, when it was 
retracted into its shell. The question now arises, may not this 
structure be also derived from one plate of the Placophora ? 

[E. Bat Lankbsteb, Developt. of the Pond Snail. Qaarterly Journ. Mioroso. Soi. 

1874 .] 


Branchiae. 

§ 260. • 

The kind of respiratory organs — ^branchiae — ^which obtains.in the 
Mollusca is in correlation with their aquatic habitat ; these are always 
differentiations of the integulment, and have consequently a 
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primitively superficial "|)osition, althougli they become covered over 
by folds of other regions of the integument (mantle), and so come to 
be placed in a special cavity — ^the branchial cavity. 

The function of respiration is part of the duty of the integu- 
ment, but it does not seem to be always localised in homologous 
regions, so that we cannot regard all the organs which appear to be 
gills as morphologically identical. As a rule the gills of the Mollusca 
are processes which are placed at the sides of the body, and when 
least metamorphosed arise between the foot and the mantle (cf. 
Fig. 167, A B br). They vary very greatly, not only as to the 
extent of the body which they occupy, but also in the way in which 
they are connected with different parts. In the Placophora they 
merely form a series of folds or lamellae, which encircle the body 

between the foot and the mantle, 
and appear to be formed from the 
epipodium (epipodial gills). 

In the Lamellibranchiata they 
form lamellar organs, which project 
between the mantle and the visceral 
sac, which ends with the foot, into 
the cavity enclosed on either side by 
the mantle (Fig. 176, br br'). Their 
free edge is directed towards the 
ventral surface. 

Almost all the Lamellibranchiata 
have two pairs of these gills on 
either side, an inner pair, which 
are placed mediad, and an outer 
pair at the sides of these. The 
former are often the larger. Ex- 
Fig. 17G. Vertical Ecction through an cept.in Anomia, where there are 

^"lnnef^n.lameUa“/Foot ^Ven! '' of other adaptivo 

tricie. a Auricle, pp' Pericardial modincations, the gills are arranged 
cavity, i Enteric canal. symmetrically. Each gill-lamella 

is developed from a row of pro- 
cesses which bud out close to one another ; in many forms these pro- 
cesses remain separate from one another, and form separate branchial 
filaments, parallel with each other (Mytilus, Avicula, Area, Pectun- 
culus, Pecten, Spondylus). In most, however, the gills lose this 
embryonic condition, owing to the concrescence of the gill-filaments. 
Owing to this union of the flattened filaments or lamellse, which have 
their surfaces directed towards one another, a gill-plate is formed; 
this is either effected by the mere adhesion of the filaments, or by con- 
crescence ; in the latter case pad-like projections appear on each of 
the gill-filaments at regular distances from one another, and these 
unite together. As fine clefts are left between these junctions, by 
which the water passes through the gills, each plate forms a kind of 
lattice-work. These filaments are not simple prolongations, but loops, 
so that they enclose a space (intrabranchial space); when the gill- 
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filaments grow together this space traverses the whole of the gill- 
plate, and communicates with the exterior by means of the clefts 
between the filaments. The water which enters by these clefts is 
collected into a canal at the point where the plate is attached j and 
is carried by it to the hinder end of the body. 

There are chitinous rods in each of the gill-filaments, which form 
a special organ of support. 

The surface of the whole gill is covered by ciliated epithelium. 
Rows of large cilia extend along the ridge-like projections of the 
gills; between these there are finer closely-packed cilia, and the 
two together keep up a continual stream of water. There is a 
groove at the free edge of each gill-plate ; this is formed by depres- 
sions on each of the gill-lamellae and is invested by longer cilia ; it 
leads to the mouth, and so produces a current of water, which is 
well adapted to bring in nutriment. 

Great modifications of this system are brought about by the 
fusion of the gills of the two sides ; this, which obtains posteriorly 
to the foot, is either effected by the direct junction of the free edges, 
or by the development of a special membrane, which unites the 
gills of either side together. This fusion is best seen in the falci- 
form curved gill -plates of Anomia, where the whole branchial 
apparatus is separated from the greatly-reduced visceral sac, and is 
no longer lateral in position. 

[R. Holman Peck, Tho structure of the Lamellibranch gill. Quart, Journal 
Microsc. Sci. 1876.] 

Bonnet, R., Dor Bau u. die Circulationsverhaltnisse der Acephalenkiemo. 
Morphol. Jahrb. III. 

§261. 

The branchial apparatus of the Gastropoda, though greatly 
varied in details, is arranged in very much the same way as in the 
Lamellibranchiata ; that is to say, it is typically made up by lamellae, 
or by more distinctly cylindrical processes, which are arranged 
parallel to one another. These project from the surface of the body, 
and are, therefore, bathed by the surrounding medium, the water, 
while a current of blood passes along them internally. This simi- 
larity is still more marked by their position relatively to the mantle, 
for they have just the same relation to it as have the gills of the 
Lamellibranchiata. As compared with these latter they are less 
numerous and more confined ; their structure is comparatively much 
simpler. The epipodial gill is arranged cirbularly in the Placophora, 
as it is also in Patella ; but in other Patellidse (Lottia) the two pinnate 
branchiss are more distinctly dorsal, so that they seem to be different 
from the epipodial gills. Fissurella and Emarginula also have their 
two gills placed in the anterior region and below the mantle. In 
Haliotis also, they are distinctly paired, but they are placed more to 
the left hand of the animal. They are also characteristically modified 
in the Zeugobranchia. In the Anisobranchia the left gill is smaller, 
and the right one more largely developed ; this arrangement, which is 
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distinctly allied to the arrangement in the Zeugobranchia, is adapted 
to the asymmetry of the branchial cavity, which, again, is dependent 
on the characters of the shell. The smaller gill is generally approxi- 
mated to the other, and becomes asymmetrical in position; in 
some Prosobranchiata it disappears altogether (Janthina, Neritaceee, 
Heteropoda). 

The right gill is generally developed on one side only, so that 
it is semi-pinnate, owing to the disappearance of the second row of 
limellae. Although, as a general rule, we find the lamellar structure 
to be the most common, a few (Oalyptrasa, Orepidula) have fila- 
mentous gills, and so call to mind the primitive form of the Lamelli- 
branch gffl. 

The gills become modified, and may disappear altogether when 
the mantle and the branchial cavity are atrophied. This happens 
in various divisions ; thus, in the Heteropoda, among the Proso- 
branchiata, the gill of Oarinaria is not covered over by the mantle ; 
in Pterotrachea, where there is no mantle at all, the ^ is quite 
free, while in PiroloYdes, the gill, as well as the mantle, disappears. 

Among the Opisthobranchiata the characters of the gills are 
equally dependent on the condition of the mantle. There is a gill 
on either side, between the mantle and the foot (Pleurophyllidia), or 
there is only a single gill in the gill-chamber, or, finally, the gill is 
only partly covered over by the mantle (Tectibranchiata). When 
the shell and mantle disappear, gill-like struc- 

f tures maybe developed on the dorsal surface of 
the body, as in some of the Nudibranchiata. 

Lamellar, or tufted and branched appen- 
dages, are sometimes developed in the anal 
region (Doris), sometimes in rows over the 
whole body (TVitonia, Scyllssa). If we are 
right in regarding the possession of a shell by 
the larv80 of all the Opisthobranchiata as a fact, 
which proves conclusively that these Gastro- 
poda are derived from shelled forms, and if we 
must suppose that the primitive position of the 
gills was within the mantle-cavity, then wo 
must regard the arrangement of the gills in 
the Dorididse as having been inherited in its 
essential features from this condition, for we 
must remember that the anus also is placed in 
the mantle-cavity. There are many inter- 
Fig, 177. Anonla ^^lediate ste^s between this and the more 
(Poiyoera) oristata; general distribution of gills over the back of 
dorsal view, a the body ; and further, these gills, howsoever 

Lierc^^^’Aldtr ^odi&ed, and howsoever peculiar their form, 

Hancock). are never anything more than mere processes 

of the integument. Their varied external form 
is due to their superficial position, which is due to the loss of the 
mantle which invested them ; and it is because of its absence that they 
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lose their apparently specific structure, and get to be more and more 
like the surrounding integument, of which they form processes varying 
greatly in character. Their relations to the circulatory apparatus are 
of great significance as bearing on this view, for they so far agree 
completely in character with the true gills. Lastly, when most 
differentiated, the gills are seen to be distributed over the whole 
of the dorsal region of the body, where they form one or more rows 
of papillee, or vulous processes on either side; these again may be 
branched (-ffiolidiee). The loss of the shell is the cause of the 
wider distribution of the gills, just as, on the other hand, the forma- 
tion and development of this organ of defence was the cause of the 
gills being more limited in extent. 

These gills are atrophied in many Opisthobranohiata, when the 
whole of the integument takes on the respiratory function (Phyllirhoe, 
Elysia, Pontolimax). 

§ 262 . 

Another arrangement of the respiratory apparatus, which is a 
modification of the one first described, is due to the development of 
the respiratory canal-system in the w^ls of the mantle-cavity. In 
many of the branchiate Gastropoda this network of canals extends 
beyond the gills into the neighbouring parts of the branchial cavity, 
which are thereby enabled to take part in the respirato^ function. 
In this way the mantle-cavity is adapted to taking in air, and 
becomes a lung. An organ of this kind — ^whi( h is not at all adapted 
for those Molluscs that are so organised as to be fit for an aquatic life 
— is found in various forms, which belong to very different divisions, 
and it is to be regarded as due to a change in their mode of life. A 
lung is present, in addition to a giU, in Ampullaria ; in this animal 
it forms a sac, which is placed by the side of the gill, and is pro- 
vided with a contractile orifice. In the terrestrial genus, Oyclostoma, 
the gill has disappeared altogether. 

There is a lung in Onchidium, but it is also a renal organ. A 
similar cavity is found close to, and has the same orifice as, the 
renal organ in the Helicinas and Limacinse ; this functions as a lung. 
In the Lymnaaidaa and Planorbidm, however, the mantle-cavity itseK 
is adapted to the reception of air. But in these forms the abran- 
chiate mantle-cavity also serves as a water-breathing organ, for 
many Lymnasidae are known to live always in deep water. 

§ 263 . 

In the Gymnosomatous Pteropoda either the whole of the integu- 
ment (Clio) serves as an organ of respiration, or processes are 
developed from its surface which function as gills (Pneumodermon). 
In the thecosomatous forms only do we meet with plaited folds 
(Hyalea), which are placed ifi the mantle-cavity (Fig. lyl, A fcr), and 
so far resemble the arrangements which obtain in the rest of the 
MoUusca ; their position is the same as that of the gills in the 

z 2 



840 COMPARATIVE ANATOMY. 

Geplialopoda. In these latter the gills arise in just the same way— 
between the mantle and the foot (Fig. 171, B hr ) — as they do per- 
manently in many Gastropoda. When, however, the mantle is 
developed they sink downwards, and are then placed in a mantle- 
cavity, which, as compared with the Gastropoda, appears to open on 
the hinder surface. The gills are arranged symmetrically in all of 



Fig. 178. Mantle-cavity and funnel of Sepia officinalis. The mantle-cavity has 
been opened by an incision along the middle line. In it is seen the visceral sac 
projecting, while posteriorly to it two muscular branches are given off (m) to the 
funnel and head. Br Branchiae, v hr Branchial vein, v 6/ Its bulbous enlargement, 
t Ink-bag. r Orifice of the excretory organ, opened on the right side, and displaying 
at B, the venous appendage, g Genital papilla, a Anus. J Funnel, opened by an in- 
oision along the middle line. % Tongue-shaped organ, c Depression for the process at 
the edge of the mantle (pallial hinge) cf, C Head. P Fins. 


them ; there are two pairs in the Nautilus, but only one in all the 
other extant Cephalopoda. 

As a rule, each gill is pyramidal in form, with the apex directed 
towards the side, and its base towards the middle line (Pig. 178, Br). 
It either consists of closely-approximated lamellae, which gradually 
increase in number at the tip (Nautilus, and most Loliginidae), or 
of several much-coiled dermal folds, which arise between the two 
branchial vessels which pass to the edge of the mantle (Octopoda). 
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In this group the mechanism of respiration is combined with the 
locomotion of the animal. Each time that the muscles of the edge 
of the mantle relax, water passes into the branchial cavity by its 
orifice, that is, at each side of the funnel; after it has bathed 
the gills it is driven out again by the contractions of the mantle. 
At this moment the cleft of the branchial cavity is closed, so that 
the water cannot get out except by the funnel, and this serves not 
only as the passage by which the water reaches the exterior, but 
also takes an active share in driving it out. 


Internal Skeleton. 


§ 264. 

In most Mollusca the absence of an internal skeleton is compel^ 
sated by the shells and tests described in § 258; for these 
as supports for the 
internal parts. 

Independent in- 
ternal organs of sup- 
port are, however, 
found in the Gastro- 
poda. Two, or some- 
times four, small 
plates of cartilage are 
found in the head of 
these animals ; they 
are surrounded by the 
muscles of the pha- 
rynx, and arc more or 
less closely connected 
with one another. 

They form the sup- 
porting apparatus of 
the radula and the 
parts connected with 
it, and also afford 
points to which some 
of the pharyngeal 
muscles, and especi- 
ally those of the ra- 
dula, are inserted. 

Cartilaginous or- 
gans of support are 
much more highly de- 
veloped in the Cepha- 
lopoda. The most important one lies in the head, where it serves 
as an investment of the nerve-centres, a support for the optic 



Fig. 179. Section throngh the head of Sepia offici- 
nalis. XT X' Cephalic cartilage. 0 Cerebrum. 90 Gan- 
glion of the optic nerve, w White body. I Lens, d Ciliary 
body, e Cornea, p Eyelid. P Buccal mass, m External, 
n Internal labial membrane, ef Jaws, r Eadula. oe (Eso- 
phagus. t Arms. 
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mi maibCftf atgmB, as well as the point of origin of a large 
wmUt^ dt mnsolee. In JiTautilus this cephalio oartilage is formed 
^ ideees^ united along the middle une, and drawn out into 
anterior as well as posterior processes; these surround the com- 
nienoement of the oesophagus. In the Dibranchiata the cephalio 
cartilage is much better developed. It consists of a median portion^ 
which is traversed by the oesophagus (Fig. 179, K), and of two 
lateral processes, which are sometimes mere flat enlargements, in 
which case accessory cartilaginous plates are added on to them to 
form the orbits; at other times they are more highly developed, 
are then continuous with superior processes {K), and completely 
enclose the orbits. The central nervous system (0) is placed on 
that portion of the cephalic cartilage which is traversed by the 
oesophagus. 

The Dibranchiata are provided with additional cartilaginous 
skeletal pieces. A dorsal cartilage is the most common. In the 
Sepiadee this forms a semi-lunar piece, which lies in the anterior 
dorsal region of the mantle, and is continued into two small lateral 
cornua ; in Octopus, where there is no median pieces, we And the 
cornua only. 

There is a cartilaginous plate in the neck also, in addition to 
two cartilages at the base of the funnel — the hinge-cartilages. 
These are less constantly present than those which lie at the base of 
the fins, and which are found in all Dibranchiata provided with fins, 
for they serve as the point of attachment for the muscles of these 
organs. 


Muscular System. 

§ 265. 

We Can Understand how it is that separate groups of muscles 
are so feebly developed, if we bear in mind that there is a dermo- 
muscular tube united with the integument and external organs of 
support, and that these, notwithstanding the gi’eat modifications 
which they undergo, have very much the same character in all cases. 
With this may be correlated the absence of internal organs of 
support in the lower divisions, and their relatively slight develop- 
ment in the higher ones. The muscular system is made up of band- 
like fibres, which, not unfrequently, give indications of their greater 
differentiation by the possession of transverse striae. 

In the Lamellibranchiata the adductor muscles, which pass either 
transversely or obliquely through the body from one valve to the 
other, are those that are best developed. There are either two of 
them, which form bundles separated by some distance from one 
another, one anterior (Fig. 167, m a), and the other posterior {m p), 
as in Unio or Anodonta; or there is but one muscle, which corre- 
sponds to the hinder one of the Dimyaria, and occupies the middle of 
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tbe shell (Pecten^ Ostrea)« Speciid muscles^ wHoh are interwoven 
with the integume^, serve as retractors of the foot ; these arise from 
the dorsal portion of the sh^j end are sometimes broken tip into 
several pairs. These retractors are also found again in the shelled 
Gastropoda. They generally form ^ single^ but sometimes a double 
muscle^ which arises from the base of the shelly and which passes to 
the anterior regions of the body^ increasing in size as & does so. 
It supplies the foot as well as the head^ and the anterior region 
of the digestive tube (pharynx); while further it gives off spedal 
bundles to the other protractile regions^ that ;ts^ toiihe tentacles and 
copulatory organ. The muscle which arises from the columella of the 
shelly and accompanies it^ is known as the columella muscle. In the 
Heteropoda it has a wide origin in the carinate foot. In the Ptero- 
poda it spreads out into the fins given off from the foot. In addition 
to these muscles other bundles are given off to the viscera. 

The muscular system of the Cephalopoda is much more differen- 
tiated, in correlation with the formation of an internal skeleton. 
Two powerful retractors are attached to the cephalic cartilage in 
Nautilus ; these arise from the sides of the shell-chamber occupied by 
the animal. In those Decapoda that have an internal shell these 
muscles take their origin from the wall of the outer wall of the shell; 
and in the Octopoda, from a cartilage found at that spot. Two 
branches are given off from these two muscles, which pass to the 
funnel. Another and much larger pair of muscles arises in the neck 
of the animal, and broadens out towards the ventral surface, where 
they pass into the funnel. The muscles in the mantle are also 
arranged in separate layers, as are also the fin-muscles. Lastly, 
there is the greatly-developed muscular system of the arms, which 
partly arises from the cephalic cartilage, and surrounds a canal 
which passes along the axis of the arm. 


Nervous System. 

Central Organs and Nerves of the Body. 

§ 266 . 

This system of organs also has points in which it resembles that 
of the Vermes. The whole of the central apparatus, that is, is divided 
into a superior ganglionic mass, which lies above the commencement 
of the oesophagus, the supra-oesophageal or cerebral ganglia, and a 
ventral mass which is connected with the other by commissures, 
and forms the inferior or pedal ganglia. They are both paired^ 
The earliest rudiment of the cerebral ganglia is seen as a differen- 
tiation of the ectoderm, the form-elements of which grow inwards^ 
and are accompanied by the rudiments of the eye (Gastropoda). 
The relations between the cerebral ganglia, and the higher sensory 



argai|$ irMdfal 9m in lie bead, prove that t^e ganglia 

am &%nologon8 with the cerebral ganglia^^oS Vermes (and of 
Arthropoda). The pedal ganglia may also be derived from a more 
simple condition, for in many of the lower Mollusca we find them 
rephuT^d by an arrangement which corresponds to the ventral chord 
of the Annulate. longitudinal trunlw are given off from the pedal 
ganglia, and are distributed along the foot; since they are con- 
nected together by transverse chords, they are arranged in the same 
manner as a ventral nerve-chain. 


Although there may be nothing really fresh in this arrangement 
of the nervous system, inasmuch as the two ventral (or pedal) ganglia 
must be regarded as a concentrated nervous mass, which is broken 
up in lower forms, and constitutes a ventral ganglionic chain; yet the 
greatly-developed visceral ganglia form an arrangement which is 
nothing like so well marked in the Vermes as it is here. In the 
Mollusca the visceral ganglia are not only of importance as forming 


a part of the general nervous system, but they may also fuse with the 
cerebral ganglia, owing to the gradual shortening of their commissures. 
New, and primitively peripherally-placed parts, are thereby added on 
to these central organs ; and it becomes a matter of doubt whether 
or no these ganglia, which formerly belonged to the visceral nervous 
system, should still be regarded as belonging to it. These parts 
of the nervous system which supply the viscera (heart, branchial 
apparatus, and generative organs) are the cause of great complica- 
tions of the whole system ; owing to the way in which they vary in 
number in different divisions, they make comparison very difficult, 

as indeed also do the great modifica- 
tions in position undergone by the 
primitive ganglia, in consequence of 
the abbreviation or elongation of their 
commissures. 

The nervous system of the Placo- 
phora is one of the lowest found. A 
L nervous band formed of two chords 

\ (Pig. 180, C) surrounds the oesophagus, 
but there are no superior enlargements 
^ on it; this is probably due tothe absence 

^ of eyes and tentacles. The inner of the 
^ two chords is continued separately 
below the oesophagus ; part meets its 
p fellow of the other side in the subpha- 

Tig. 180. Nervous system of ganglion and part passes on 

oinerenB. c Cerebral to a pedal ganglion (x). Jliach of these 
nerve-chord. P Pedal ganglia, bilateral ganglia gives off a thick nerve- 
^IMal nerw. i) Pedal nwvcs. trunk, which passes backwards, and 

Bering). which, like the ganglia themselves, 

"" is connected with the trunk of the op- 

posite side by transverse anastomoses set at regular distances; nerves 
are given off to the foot from corresponding points. The outer chord. 
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extending iHa c^ophttgxu^ pass^ alongwe sides of tlie body in- 
ternally to tile and forms tbepallial nerve-trunk (p^ There 

is also a gro^ of four small ganglia below the CBSophagjas (sublingual 
ganglia). The two trunks of the pedal nerves are tficker than the 
commissures which pass to them from the nervous band ; they must 
consequently be regarded as dintral parts of the system. They seem 
to be the longitudinal trunks of a ‘^ventral medulla/^ in which the 
ganglionic cells are not defthitely distributed into distinct groups any 
more than they are in the Gephyrea. The structure of this chord re- 
quires, however, to be further investigated. The principal point 
in the arrangement of the nervous system in the Placophora is that 
we may recognise in it just the same relation of parts as in the 
Solenogastres, and specially in Chsetoderraa (§ 121). 


§ 267. 

The relatively feeble development of the cerebral ganglia in the 
Lamellibranchiata is due to the absence of a head, and its related 
sensory organs. These ganglia (Pig. 181, a) are often placed so 
much to the side that there 
is a long commissure be- 
tween them (Lucina, Pano- 
paaa, Anodonta, Unio, 

Mytilus, Area, Cardium, 

Pholas, etc.). A few smaller 
branches only are given off 
in addition to the large vis- 
ceral commissures. There 
are two pedal ganglia in- 
stead of the pedal nerve- 
trunks, the nerves from 
which are distributed in the 
ventral portion of the body, 
and especially in the foot. 

They are placed at the root 
of the foot, and are some- 
times deeply imbedded in 
it. The commissural chords 
vary in length in propor- 
tion to the development of 
the foot, and the distance 
between it and the anterior 
parts of the body. When 
the foot is feebly developed, 
or when it is produced very 
far forwards, the cerebral 



Fig. 181. Nervous system of Cytherea 
Ohionc. a S npra-oosopbageal (cerebral) gan- 
glion. h Pedal ganglia, c Visceral ganglion. 
d Ganglia of the respiratory tubes (siphonal 
ganglia), ma Anterior, mp Posterior adductor 
of the shell, p Foot, t Edge of mantle, t^ervo 
to edge of mantle, hr Branchiae, i »terio 
canal, h Liver, r Hind-gut. jr Respiratory 
siphon, ta Cloacal siphon (aft# DtifWIloy). 


tar lorwarus, tuu uerourat ^ 

and pedal ganglia may be markedly approximated (Solen, Mactra). 
They may indeed come to be directly approximated, as in Pecten 
(Fig. 182, r), where the smaller pedal ganglia are placed between 
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tiia cenSir^ ganglia (a), which are connected together by a deeply- 
cAmd.Oommissure. The extent to which the pedal ganglia are 
developed is dependent on the development of the foot. As a 
mle th^ are intimately connected, though always separate. The 
peripheral nerves of the cerebral ganglia are principally dis- 
tribnted to those parts of the body which lie nearest the mouth, 
while they also give off branches to the mantle. In some forms 
these palHal nerves (Fig. 181, t') have the appearance of two large 
trunks, in which case they are connected with other nerves given 
off from the visceral ganglia at the edge of the mantle ; and the 
connected trunks either form a single larger marginal nerve, or 

a regular plexus of nerves. The 
visceral ganglion is often the largest 
of the whole nervous system. It 
lies behind the posterior adductor 
(Pig. 181, c; Fig. 182, c), and is 
connected with the cerebral ganglia 
by long commissures. We may 
regard this ganglion as consisting 
of two halves connected together 
by a short transverse commissure, 
which become more or less ap- 
proximated, and finally form a 
single quadrangular knot, accord- 
ing as the bilateral gills of these 
animals are free or fused together. 
This fact points to the relation be- 
tween this ganglion and the gills, 
which indeed is made still clearer 
by the large nerve-trunks which 
are given off from it, and which 
innervate the branchiae. In addi- 
tion to the branches which go to 
the neighbouring portions of tho 
mantle, there are two other large 
nerves which pass to the edge of 
the mantle in many Lamellibranchiata, and take part in forming tho 
above-mentioned plexus. 

When siphons are developed, large nerves are given off from the 
visceral ganglia, which do not only ramify all along the respiratory 
tubes, but also go to form a special ganglion, which is placed at the 
base of the siphons (Pig. 181, d) (Solen, Mactra, Mya, Lutraria, 
Oytherea, etc.). Very little is known about the nerves which pass 
from the visceral ganglia to the various organs of the body. Such 
nerves have been observed in Pinna and Anomia, as well as in Area 
and Solen, where they arise either from the ganglion or the commis- 
sures. It is a difficult matter to compare the chords which pass to the 
visceral ganglion (cerebro- visceral commissure) with the pallial nerves 
of the Placophora, because of their relation to a ganglion ; on the 



Fig. 182. Nervous system of the 
Lamellibranchiata. A Of Teredo. 
B Of Anodonta. C Of Pecten. 
a Snpra-cesophagcal (cerebral) ganglia. 
h Infra-cBSophageal (pedal) ganglia. 
c Branchial or visceral ganglia. 
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other hand, the same nerves in Chsstoderma (§ 121) are connected 
with a terminal ganglion. 

The nervous sj^tem of the Scaphopoda is almost exactly similar to 
that of the Lamellibranchiata. 

Duvbenoy, But 1© systfeme nerv. des Moll, ao^phales. Mte. Acad, des Sc. Paris. 
T. XXIII. 


§ 268. 

Owing to the distinctness of the head, and the development in it 
of several sensory organs, which are often very highly differentiated, 
the nervous system of the Gastropoda is distinguished broadly from 
that of the preceding divisions by the larger si25e of its cerebral 
ganglia. These are connected with 
the ventral parts of the system by 
a commissure ; in the lowest of the 
Prosobranchiata — the Zeugobran- 
chia — the nervous system has many 
points of similarity with that of the 
Placophora. For instance, a rudi- 
ment of a ventral ganglionic chain 
can be made out in Fissurella 
(Fig. 183) and Haliotis, inasmuch 
as the nerves from the pedal ganglia 
— pedal nerves — are united by 
transverse commissures. The pallial 
nerves are not given off directly 
from the cerebral ganglia, but 
run below the pedal nerves, and 
appear to arise from a nervous 
mass common to themselves and 
these latter. The epipodium is 
supplied by the branches of the 
pallial nerves (pZ), Double commis- 
sures pass from the cerebral ganglia 
to the ganglionic mass, which gives 
off these nerves; one of them is 
connected with the pedal nerve- 
trunks, and the other with the Fig. 183. Nervous system of Fissu - 

pallial nerves, that is, with the vis- commissure, p Pedal nerves. pZ Pallial 
ceral nerves given off from the same nerves. A Visceral ganglion. B Buo- 
point. In the rest of the Proso- cal gangHa (after H. v. Jbering). 
branchiata there are no indications 

whatever of any ventral ganglionic chain. There are pedal ganglia 
in which the ganglionic elements, distributed along the nerve-trunks 
of Haliotis and Fissurella, are distinctly concentrated. At the same 
time, the relations of these nerves must be more exactly investigated. 
A ganglion seems to be given off from the secondary pedal ganglia, 
and to pass laterally into the commissures, and so to be as much 
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ooiliupcied with the cerebral as with the secondary pedd ganglia. 
^ glim off the pallud nerres ; these undergo degeneration in pro- 
pQirtioii to the ertent to which other nerves are given off from the 
mcne commissural mnglia. 

In some of the Frosobranchiata some of these nerves are remark- 
able on account of the course that they take. They are present 
in Haliotis^ where they pass off from the common pedal ganglionic 
mass (the pallio-pedal ganglia). In other cases they are given off 
from the commissural ganglia (Fig. 184, Oo). A nerve is given off on 
the right side which passes above the visceral 
mass to a ganglion, which supplies the body- 
wall (supraintestinal ganglion) («j^). From the 
left commissural ganglion a nerve passes below 
the viscera to a subintestinal ganglion (sd), 
which, like the former, is connected by a com- 
missure with an abdominal ganglion (A), 

The two nerves, therefore, which are given 
off from the commissural ganglia cross over 
one another; this peculiarity — namely, that 
the right nerve passes to the left, and the left 
to the right side — makes it difficult to explain 
the genesis of these nerves. It is probably 
due to changes in position, which have not 
affected the internal parts only, for the ganglia 
on these nerves give off branches to the body- 
wall. Although a large number of the Proso- 
branchiata are distinguished by this crossing 
of the nerves (Chiastoneura), it does not ob- 
tain in another division, in which the commis- 
sure to the abdominal or visceral ganglion 
takes a straight course backwards (Ortho- 
neura), except when the ganglion appears to 
be fused with the right commissural ganglion 
(Nerita). The commissural are generally separated from the pedal 
ganglia, and, in the Heteropoda, are widely so (Carinaria), and in 
this case the commissures are proportionately elongated. The 
same thing happens also to the cerebro-pedal commissures in the 
Heteropoda. 

There is a commissure between the pedal ganglia in the Tecti- 
branchiata, which are consequently pushed more to the sides of the 
body. The primitive visceral ganglia are also placed at the sides, or 
between the pedal and cerebral ganglia (Umbrella, Gasteropteron) ; 
there may be commissural ganglia present, just as there are typically 
in the Prosobranchiata, which send off connecting chords to one or to 
a pair of ganglia which supply the gills ; the ganglia appear to 
correspond to the above-mentioned abdominal ganglion (Aplysia, 
Acera). 

The pedal ^ ganglia are still more widely separated from one 
another in the Nudibrauchiata, and are thereby approximated to 


Fig. 184. Nervous system 
of Paludina vivipara, 
C Cerebral, P Pedal, 
Co Commissural gan- 
glia. B Buccal ganglia. 
A Abdominal ganglion. 
sp Supra, sb Subintes- 
tinal ganglion, p Pedal 
nerves, o Otocyst (after 
H. V. Jhering). 
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tHe cerebral (Fig. 185) ; the yisceral ganglia also get to be connected 
with these latter owing to the abbreriation and complete disap* 
pearanoe of the commissures between them (iEJolidia), A dorsal 
plexus of ganglia, which lies on the pharjnx, is formed by the more 
intimate f^ion of these ganglia; in earn half of this plexus the 
various ganglia which compose it can be more or less distinctly 
made out ; several commissures are given off, which suwound the 
pharynx (Doris, Tritonia). This connection of the ganglia of either 
side may lead at last to the complete fusion of the ganglionic masses 
of either side into a single one, and in correlation with this fusion 
the previously sOTarate commissures may be represented by one 
only (Tethys). ^is appears to be a lower stage, but it must not 
be regarded as an early arrangement, 
but as the final one in a series of diffe- 
rentiations, exactly similar to what we 
found to obtain in the Arthropods. In 
the same way as the nerves, which 
pass off from the single nervous mass, 
indicate that it is made up of separate 
portions, the circum-oesophageal com- 
missures prove that the ventral ganglia 
have become more dorsal in position. 

The nervous system of the Branchi- 
opneusta is similar in many points to 
that of the Tectibranchiata, and similar 
relations can also be made out in the 
Nephropneusta. Both divisions are 
characterised by the development of 
their cerebral ganglia into several por- 
tions, which can be distinguished as 
such even from the exterior. 



Fig. 185. Central nervous system 
of one of the jEolidiro (Fiona 
atlantioa). A Supra-oesophageal 
mass, formed by the anterior cere- 
bral, and posterior visceral or 
branchial ganglia, B Pedal gan- 
glia. G Buccal ganglia. D Gastro- 
oesophageal ganglia, a Nerve to 
the superior (hinder) tentacles. 
h Nerve to the inferior tentacles. 


c Nerve to the generative organs. 
d Pedal nerves, e Commissure of 
§ 269. the pedal ganglia, ef Commissure 

of the visceral ganglia (after B. 
The genetic relations of the nervous Borgh), 

system of the Pteropoda to that of the 

Gastropoda may bo seen in the Gymnosomata ; the Thecosomata 
differ in the length of their cerebral commissures. The cerebral 
ganglia either retain their lateral position or approach the pedal 
ganglia with which the visceral ganglia are also fused. The central 
ganglionic mass lies therefore below the pharynx. The arrangement 
in the Gymnosomata is. more primitive ; the cerebral ganglia are 
placed superiorly, and visceral ganglia are evidently present. The 
pedal ganglia always innervate the fins formed from the foot. In 
the Gymnosomata the cerebral ganglia give off considerable nerves 
to the tentacles, at the base of which they form ganglia. The 
ganglia of either side are connected with one another by commis- 
sures (Clio). ^ 

The three ganglionic masses already pointed out in the Mollusca 
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also lontid in the Cephalopoda; but the;^ are more^ closely 
i^prozixnated in consequence of the shortening of their com- 
missureB. They form a ring around the oesophagus. In the 
Sibranchiata this ring is enclosed by the cephalic cartilage in 
such a way that the peripheral nerves pass out through foramina 

In Nautilus, the upper part of the oesophageal ring is formed 
by a transversely disposed nervous mass (Fig. 186 , cut); the nerves 

of the higher sensory organs are given off 
at the sides. It corresponds to the cerebral 
ganglia, but these also extend some distance 
ven&ally (bb), and give off, in that region, 
nerves which pass to the tentacles (W). 
The ventral se^ent only of this ring is 
homologous with the ped^ ganglion, as it 
gives off the "nerves for the funnel. A 
second ventral mass (cc) is attached to the 
lower nervous mass, which, as we have 
already said, is partly formed from 
the cerebral ganglia; this corresponds to 
the visceral ganglia, and ^ves off nerves 
for the mantle (m), in addition to two small 
trunks which accompany the vena dava, and 
pBds to the giDs and vascular system. Y!ach 
of these two nerves forms a ganglion (d), 
which, again, supplies the generative appa- 
ratus. 

In the Dibranchiata the nervous system 
is much more concentrated. The cerebral 
Fig. 186. NenroM system ganglionic masses are placed much more 
of NaotilaB pompiliuB. to the Sides and ventral surface, so that 
a Superior,.!) Inferior gan- they unite in the middle line in front of 
“ V VisT.^ part wMch corresponds to the pedal 

ganglia, d Genital ganglia, ganglia. The Visceral are completely fused 
m Pallial nerves, t If Ten- with the pedal ganglia, and the only rem- 
taonlar nerves (after Owen), primitive independence of these 

ganglia is a narrow point through which 
the pedal artery passes; the s^arate character of these ganglia 
is much more distinct in the Tetrabranchiata. That portion of 
the cerebral ^nglionic masses which still remains above the oeso- 
phagus is differentiated into several portions. The part which 
has reached the ventral sur&ce gives off the nerves for the arms, 
and these unite to form a ganglion at their base. The pallial 
nerves are given off from the visceral masses, and each of these 
nerves forms a large ganglion (ganglion stellatum). 

Compared with the rest of the Mollusca, the Cephalopoda have 
much more highly differentiated central organs from a histoloj^cal 
point of view tlw is duS to their greater size. In all parts of the 
nerve-centres it is possibly to distinguish an outer gray layer, formed 
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of ganglionic cells, from the inner white medallar 7 substance, which 
is formed principally of fibres. 

CHiaoN, Keoh. p. servir Thistoire da syst^me neryenx dep O^plialopodeB 
dibranobiaiiz. Ann. bo. nat. V. S4r. T. V. 

OwBJANNXKOW ond Kowalmyskt, Ueber das Centralnenrensystem and das Gehdr- 
organ dar Oephalopoden. H4m. Acad, de St. Fdtersbonrg. Yll. S4r. T. XI. 


Visceral Nerves. 

§ 270. 

Owing to the relations between the visceral nervous system and 
the central nerve-organs, we were obliged to consider parts of this 
visceral system while dealing with the central one; and we had to do 
with an example of the difference in the significance of the central 
organ, when the ganglia which belong to the peripheral parts 
become a part of it. In addition, however, to this hinder part of 
the visceral nervous system which is united to the nerve-centares, and 
which is principally distributed to the circulatory and excretory 
organs, as well as to the genitalia and gills, there is another portion 
which innervates the digestive canal. 

In t^e Lamellibranchiata fine filaments arise from the cerebral 
ganglion and surround the mouth ; these are the earliest signs of a 
portion of the nervous system, which is still more differentiated in 
the Ghistropoda. The development of complicated mouth-orgws 
appears to be correlated with the development of this system. TVo 
nerves arise from the cerebral ganglion and pass to gaaigffa, which 
are placed on the buccal mass, and are connected tc^ether by a 
commissure. These buccal ganglia (Pig. 183, B; Pig. 184, B) 
supply the organs of the mouth, and give off nerves to the gut. The 
commissures differ a good deal in character. As a rule the ganglia 
do not fuse. The same arrangement is found in the Pteropoda ; and in 
Nautilus, among the Cephalopoda, the two buccal ganglia are con- 
nected at thoir side with pharyngeal ganglia, and are connected by 
commissural chords with the cer^ral ones. There is but one buccal 
ganglion in the Dibranchiata, and behind it there is a large supra- 
pharyngeal ganglion (Sepia). 

The nerves given off from the buccal ganglia have various small 
ganglia on their enteric branches. 


Sensoiy Organs. 

Tactile and Olfactory Organs. 

§ 271. 

The sensory organs of the Mollusca are very Idmilar to those of 
the Vermes. All parts of the body, with the exception of the hard 
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ones^ are capame of feeling when touched; the anatomioal lU&ange* 
ments for tUs setise are found in yarious parts of Ihe body, tiiK>ugh 
which thqr are more or less widely distributed ; they have the form 
of fine setiform prolongations from cells, which can be seen to be 
connected with nerves. These structures are most welf marked on 
tho^ parts of the body which function especially as tactile organs ; 
they are generally supplied with nerves of some size, and form the 
tentacles. 

They are very common on the edge of the mantle in the 
Lamellibranchiata, where they are either found all over it, in 
which case they are arranged in several rows (as in Mactra, Lima, 
Pecten, etc.), or sometimes they are confined to certain regions; 
they are not unfrequently found on the siphons, and in either case 
they serve to watch over the particles that get into the mantle-cavity 
with the water. They are highly contractile, and are supplied with 
filaments from the marginal nerves of the mantle. 

The processes found on the epipodium, and on the edge of tlio 
mantle in many Gastropoda, as well as the dorsal cirri of the Nudi- 
branchiata, may function as organs of this kind. 

It is doubtful whether tho pair of lobes at the sides of mouth of 
the Lamellibranchiata are organs with this function, but on the other 
hand we find a very large number of tactile organs of this kind on 
the cephalic tentacles which are so commonly present in the Gastro- 
poda. The tracts, which carry the nervous end-organs, are very 
often specially difEerentiated in these animals. 

Although there is not much difficulty in the view that the above- 
mentioned organs function in the perception of tactile impressions, 
it is almost impossible to say what is the physiological duty of a 
number of other organs, which are clearly sensory, and are connected 
with the integument. These enlargements are generally formed by 
ciliated regions to which a nerve passes, and at which it often forms 
enlargements. It is doubtful what part of the surrounding medium 
acts on these organs, and we have to make a somewhat far-fetched 
analogy to be able to regard them as olfactory organs. 

In the Gastropoda they are found near the respiratory organs, 
and in the Heteropoda I found them very widely distributed in this 
region. The same I found to be the case in the Pteropoda. In tho 
Gymnosomatous forms of this division a ciliated organ of this kind 
is placed superficially, and close to the gills ; in Pneumodermon it is 
wheel-shaped. In the shelled forms it is a transverse ridge, which 
is placed in that region of the mantle-cavity by which the water 
passes to the branchiae. 

In the Opisthobranchiata the hinder pair of tentacles (rhinophor) 
appear to have the function of an olfactory organ ; in correlation 
with this function they vary greatly in character, and the surface of 
these tentacles may be seen to be increased by the formation of 
ridges and various other arrangements. They seem to be in all cases 
ciliated. If we reflect on the fact that respiration is largely called 
on by organs which arise from the back of the animal, we shall see 
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that the tentacles, when functioning as olfactory orga^, have just 
the same relatione as the respiratory ones ; and #ith this we may 
corr^te the great distance backwards at which the tentacles are 
sometimes found. 

In the Cephalopoda the olfactory organs aref more definite in 
character. Behind the eyes we find two small pits, or papillae, which 
are level with the surface ; these are ciliated. The processes of tho 
more deeply-placed olfactory cells stand up between the ciliated 
ones ; they are supplied by a nerve which arises close to the optic 
nerve. 


Visual Organs. 

§ 272. 

Visual organs are found in all Mollusca that are endowed with 
the power of active movement. On the other hand they are always 
atrophied in the fixed forms, although they are present during the 
larval stages. This is also the case in the Placophora, where the 
larvae indicate by the possession of a pair of pigment spots that they 
are provided with eyes, which are atrophied later on. 

Structures of this kind are found on the nerve-centre, and in the 
head of the Lamellibranchiata during the larval stages; they are 
even provided with a refractive body, but they undergo degeneration 
later on. The same thing happens in the Scaphopoda. 

It is different with the organs, which are ordinarily found on 
the edge of the mantle, in the higher divisions of many Lamellibran- 
chiata. They are carried on special optic-stalks (Area, Pectunculus, 
Tellina, Pinna, etc.) ; in many cases (Pecten, Spondylus) they were 
even observed by the older investigators, owing to the emerald- 
green colour of the tapetum, which is found at the base of the eye. 
Although these organs have many peculiarities of stru^re, they 
agree in all essential points with the optic organs of the rest of the 
Mollusca. They are supplied with nerves by the small trunks which 
pass along the edge of the mantle. These organs vary greatly in 
the extent to which they are developed, and are sometimes replaced 
by mere pigment spots. This arrangement must be regarded from 
that point of view, on which we have already insisted, when we 
pointed out that sensory organs might be differentiated from simple 
nerve-endings at any point of the integument ; these eyes, therefore, 
on the edge of the mantle, can only be compared with the optic 
organs which are found on the head, from a physiological point of 
view ; morphologically, they are special structures, and are, like the 
similar organs found in Vermes, due to adaptation. 

We never find more than one pair of cephalic eyes in the Gbs- 
tropoia. They are often replaced by mere spots, placed on the 
supj^oesophageal ganglion, and disappear altogetW when the 
anSual loses its power of free movement (Vermetus). When it is 
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simplest tlie eye lies beneath the integument (as in many Opistlio- 
branchiata). In others it is embedded in the dermo-muscular 
tube^ and retains its superficial position, while at the same time 
an elongation of the optic nerve is developed. This sub-integu- 
mentary position must be regarded as a secondary one, for in the 
Mollusca, just as in the Vermes, the integument takes part in the 
formation of the eye. The eye-bearing region of the body is 
ordinarily found to be the base of the tentacle (Prosobranchiata), 
which may be converted into a special eye-stalk (ommatophor). 
Or the eye may rest on a process formed from the tentacle 
(Strombus, Pterocera), or this process may become separated 
from the tentacle, and become independent. Owing to the pos- 
session of this optic-stalk the eye is capable of movement; in 
the Heteropoda this is effected by the muscles that are attached to 
the wide capsule which encloses , the bulb of the eye (Pig. 187, o). 
Thanks to these muscles the bulb is enabled to vary its position ; in 



Fig. 187. Upper part of the nervous system, 
with the sensory organs of Pterotrachea. 
gs Cerebral ganglia (Oerebmm) . c Conunissnres. 
0 Optic capsule. I Lens, ch Figment layer, 
r Ganglionic enlargement of the optic nerve. 
a Auditory organ. 


form, the bulb is generally 
rounded or oval; in the 
Heteropoda it is very pecu- 
liar (Pig. 187). 

The bulb has a thin outer 
covering, which passes an- 
teriorly into the cornea 
(pellucida), which is formed 
from the integument. In 
the posterior portion the 
optic nerve widens out, and 
is generally provided with 
a ganglionic enlargement 
(r) , Internally to it we find 
the retina, with the end 


organs of the optic nerve ; 
these constitute a layer of rods which are turned towards the cavity 
of the eye, and are separated by a layer of pigment from the 
external layer of the retina. Behind the cornea there is a lens, which 
either fills up^ the cavity of the eye, or has a gelatinous substance 
posteriorly to it, which represents a vitreous body. 

The sensory layer is formed from the ectoderm, and the lens also 
is an interamentaiy structure, inasmuch as it is developed from a 
cell, which gradually secretes the substance of the lens in stratified 
layers. 


§ 273. 


The eye of the Cephalopoda resembles, in many points, the optic 
organ of the Gastropoda. We know that it is gradually differen- 
tiated from the ectoderm. In Nautilus, each bulb is carri^ on a kind 
of optic stalk, and forms a lateral projection (vide suprii. Fig. 1 75, o) ; 
this IS mdicated in some of the IKbranchiala, but in them the bulb 
may be supported by processes of the cephalic cartilage, and lie in 
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a kind of orbital cavity. In Nautilus the optic capsule is continuous 
with the stalk ; in the Dibranchiata it is placed in the cartilaginous 
orbits, where it encloses the ganglionic enlargement of the optic 
nerve (Fig. 188, go)^ which is represented in Nautilus by a layer 
which extends over a larger portion of the bulb. Anteriorly, the 
optic capsule forms a thin investment (0), which* is known as the 
cornea ; and the refractive media of the bulb are placed behind it. 
This cornea is absent from the eye of Nautilus, as is the lens. In 
front of this cornea the optic capsule is therefore directly continuous 
with a mem- 
brane which is 
connected with 
the integument 
of the optic 
stalk, and which 
has a pupil-like 
orifice which 
leads into the 
interior of tho 
bulb. 

In the Di- 
branchiata this 
direct communi- 
cation between 
the internal 
cavity of the 
bulb and the 
surrounding me- 
dium is broken 
by a lens (L); 
as, however, in 
manyforms (Loli 
gopsis, Histio- 
theutis, etc.), the 
transparent por- 
tion of the optic 
capsule is alto- 
gether absent or 

is perforated (Sepia, Loligo, Octopus), the anterior surface of tho 
bulb enclosed in the capsule is bathed by water. This space, which 
communicates with the exterior, is not only continued through the 
optic cleft as far as the lens, but also extends more or less around 
the bulb. 

In many the integument is thrown into folds around the cornea; 
these folds form eye-lids,” and are either limited in position or 
extend around a larger portion of the bulb, when they form a defensive 
organ for the eye by the possession of occlusor muscles. 

The base of the bulb is formed by a cartilaginous capsule 
(Fig. 188, fc); around the pupil this becomes converted into the 

2 A 2 



Fig. 188. Horizontal section of the eye of Sepia (Diagram- 
matic). KK Cephalic cartilages. C Cornea. X|Lens. 
ci Ciliary body of the lens. Bi Internal layer of the retina. 
Be External layer. P Layer of pigm« 0 it. o Optic nerve. 
go Ganglion, h Pupillary callage, ih Cartilage of the- iris, 
w White body, ae Argentea externa (after Hensen). 
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cartilage of the iris {ilc). Outside and behind this optic capsule is the 
ganglion of the optic nerve, in the periphery of which there is a 
whitish organ {w) which projects more or less forwards. Behind 
this there is a longitudinal layer of muscles, and lastly, a silvery 
membrane (argentea externa) (ae), which reaches as far as the 
edge of the pupil, and invests the bulb on its inner face, or 
the one turned towards the above-mentioned cavity. Internally 
to it there is the argentea interna. The bundles of nerves 
which arise from the ganglion {(jo) behind the cartilaginous cap- 
sule, pass to the retina by a large number of pores in it; 
the retina lies within the cartilaginous capsule, and is con- 
tinued forwards as far as the edge of an organ which carries the 
lens. This retina is formed of essentially the same layers as the 
same portion of the eye of the Gastropoda ; an internal {Ri) portion, 
which contains the perceptive apparatus, is separated from the 
external part {Be) by a layer of pigment (P). A layer of connec- 
tive tissue extends inwards to the lens {L) from the layer of muscular 
fibres ; this completely separates the eye into two parts, an anterior 
smaller and a posterior larger one ; these unite to form an oval 
body, the long axis of which corresponds to the optic axis. There 
are epithelial thickenings on the anterior, as well as on the posterior, 
surface of this layer of connective tissue; they unite to form a 
system of lamellae, which invests the edge of the lens, and is known 
as the ciliary body {ci) (corpus epitheliale). The cavity behind 
the lens is filled up by a fluid. 

Hensen, Zeitschr. f. wiss. Zool. Bd. XV, 

[Lankesteji, E. Ray, Develt. of Cephalopoda. Quart. Joum. Microsc. Sci. 1876.] 


Auditory Organs. 

§ 274 . 

It is possible, apparently, to derive the organs, which seem to be 
auditory in the Mollusca, from the vesicles or otocysts which we met 
with in the Vermes. They contain otoliths, and 
their inner wall is provided with nervous end-organs, 
which are formed by modified epithelial cells. These 
cells are derived from the ectodenn, for the otocyst 
itself is formed from that layer ; this has been ob- 
served in the Gastropoda. What we know of the 
development of the ear in the Cephalopoda agrees 
with this statement. 

The auditory nerve is generally given off from 
the cerebral ganglion. In its most primitive form 
the auditory vesicle is attached to this ganglion, and 
it is only when it is separated from it that we are 
able to make out a true auditory nerve. The otocyst, 
however, varies["greatly in position ; thus, it may be attached to the 
pedal ganglion; but even then the auditory nerve can always be 


e 



Fig. 189. Audi- 
tory organ of 
Cyclas. c Au- 
ditory capsule. 
e Ciliated epithe- 
lial cells. 0 Otolith 
(after Ley dig.) 
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followed up to the cerebral ganglion ; it sometimes passes along the 
cerebro-pedal commissure. This change in position is sometimes 
associated with a change in the position of the cerebral ganglia 
themselves. 

In the Lamellibranchiata and Scaphopoda the auditory vesicles 
are attached to the pedal ganglion ; they are either close to, or at 
some distance from it (Naiades), or are even placed more deeply in 
the substance of the foot (Cythera). In the Gastropoda the 
otocysts vary greatly in position ; but the primitive position — that 
is, close to the cerebral ganglia — ^is the most common one ; in the 
Heteropoda, and many Opisthobranchiata, they are always placed 
close to these ganglia. 

The otoliths are either numerous, and consist of small crystalline 
structures, which form an otoconia, or there is but a single spherical 
otolith, which is derived from one cell of the rudimentary wall of 
the auditory vesicle, and which forms a concentrically-striated con- 
cretion. Dentalium, the lower forms of the Lamellibranchiata, and 
Gastropoda, and also all the Pteropoda, possess otoconia. In the 
larval stages, however, of these Mollusca, the otoconia first appear, 
and then, later on, the spherical otolith ; this apparently disappears 
afterwards. But when the adult form is provided with an otolith, 
an otolith is found in the larva, and is never preceded by the 
otoconia. 

We have not as yet any connected statements about the struc- 
ture of the end-organs in the otocyst. The most important fact 
that we do know is that part of the ciliated epithelium is repre- 
sented by cells with fine rod-like processes, which appear to be 
true auditory fibres. They form the auditory organ, and are con- 
nected with the nerves, while the ciliated cells, which are grouped 
in tufts, form an accommodating arrangement which acts on the 
otoliths. 

Wo have a permanent proof that the otocyst is developed 
from the ectoderm in the Cephalopoda in the presence of a fine canal, 
which, in many of them, leads from the auditory vesicles to the 
surface of the body. In Nautilus the otocysts lie on the cephalic 
cartilage; in the Dibranchiata they are enclosed by it. It is 
possible, therefore, to distinguish a membranous and a cartilaginous 
labyrinth, analogous to the similar parts found in the case of the 
Vertebrata. 

In the Octopoda the auditory vesicles are simple in form ; in the 
Decapoda they are complicated by the formation of diverticula and 
processes. At the same time they are more closely connected with 
the cartilage, whereas, in the Octopoda, they lie somewhat freely in 
their cavity. The otolith, which is placed in a watery fluid, varies 
in form — it may be flattened or rounded, or may be broken up into 
smaller acicular pieces. The terminations of the auditory nerves 
either form the auditory plate, which is a thickened portion of 
the epithelium, from which the cells send hair-like processes (audi- 
tory hairs) (Sepia) ; or an auditory cresV^ which generally takes 
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a curved direction, and whicli is likewise covered by modified 
epithelium. 

Lacaze-Buthiebs, Ofcocystes dos Mollnsqnes. Arch, de Zoologie. I. p. 97. — 
Banke, J,, Das Gehororgan etc. bei Pfcerotrachea. Zeitschr. f. wise. Zool. 
XXV. Suppl, — Y, Jhbrino, Die Gehdrwerkzeuge der Mollusken. Erlangen, 
1876. — SiMBOTH, Uebor die Sinnesorgane unserer einheim. Weichthiere. 
Zeitschr. f. w. Zool. Bd. XXVI. 


Alimentary Canal. 

§ 275. 

Owing to the complete separation of the wall of the body from 
that of the enteric canal in the Mollusca, the latter canal comes to 
be embedded in a ccelom. It forms coils or loops in this cavity, as 
it is always longer than it ; at the same time the characters of its 
anal opening are well worthy of note. We find, indeed, that it is 
only in the Placophora and Lamellibranchiata that it traverses the 
body in such a way that the aboral and anal ends of the body are the 
same. In the Scaphopoda, Gastropoda, Pteropoda, and Cephalo- 
poda it always ends at some distance from the aboral end of the 
body; it is looped or coiled. If we suppose that the gut was 
primitively arranged in a symmetrical manner, and that the anus 
was placed in the aboral region, and that, therefore, this change in 
the position of the anus was acquired afterwards, then we must also 
suppose that this arrangement obtained at a very far-distant period, 
inasmuch as there are no signs of it in the development of the indi- 
vidual. The real cause of this change 
in position must be sought for in the 
universal possession of a shell. The 
development of the dorsal mantle and its 
shell, together with that asymmetrical mode 
of development of both of these structures 
which obtains in most MoUusca, makes it 
easy to see how they affected the organism. 
We must distinguish two modes of develop- 
ment. In the first, the dorsal development 
of a part of the body which was protected 
by the shell, increased the space available 
for the growing gut, which formed more 
or less complicated loops or coils. At first, 
of course, this only enabled it to depart 
from its straight course. In the second, the 
development of a mantle-cavity, the appear- 
ance of which was correlated with that of the mantle and shell, 
affected the position of the gut. When the mantle-cavity is 
developed in the hinder region of the body, as it is in the Thecoso- 
matous Pteropoda and the Cephalopoda ^ig* 190), the position of 



reiations of the enteric 
canal. A In Pteropoda. 
B In Cephalopoda. 
pFoot. t Arms or Tentacles. 
hr Branchisd. 
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the anus is, relatively speaking, least altered. It may still lie 
more or less in the middle line. When the branchial cavity is more 
anterior in position, and asymmetrical — ^as it is in most of the shelled 
Gastropoda — ^the anus approaches it, inasmuch as its function is 
here least interfered with. 

The enteric tube is divided into separate portions in just the 
same way as in Vermes. 

Although embryological inquiries have not yet arrived at any 
very definite results, this much seems certain: the mid-gut is 
derived from the endoderm, and the fore-gut from the ectoderm. 
The hind-gut is laid down with the mid-gut, and has therefore the 
same history as it has. 

§ 276. 

As to the characters of the various divisions, we find that in the 
Placophora the digestive tube is coiled several times ; but the anus 
still retains its aboral position, inasmuch as the above-mentioned 
causes, which lead to a change in position, do not obtain in this group. 

The Lamellibranchiata likewise retain the most primitive relation 
of parts. The mouth, which is placed in the Dimyaria between 
the foot and the anterior adductor, is continued into a short 
portion which functions as the oesophagus; this passes into a 
widened portion, or stomach. The efferent ducts of the liver 
open into this gastric mid-gut. In many Lamellibranchiata this 
stomach is remarkable for the possession of a caecal diverticulum, 
which is often of some size, and can be shut off by a valve; 
this is placed in the pyloric region. In many forms we meet 
with a peculiar structure in the caeca, or, when they are absent, 
in the enteric canal itself ; this, which is known as the crystal- 
line style,^^ is to be regarded as a secretion from the enteric 
epithelium. The hind-gut, which forms by far the largest portion 
of the whole tract, makes one or more coils, and then passes towards 
the back of the animal ; as a rule it is of the same calibre through- 
out, but it is sometimes differentiated into narrower and wider tracts. 
It is closely surrounded by the other organs (liver, generative 
glands) of the visceral sac ; its terminal portion passes underneath 
the middle-line of the shell as far as the hinder margin of the body ; 
in a large number of Lamellibranchiata it traverses, as it does so, the 
pericardium and heart (Fig. 176, i), and then ends, behind the 
posterior adductor, at the anus ; this is placed on a process at the 
aboral end of the body, which projects freely into the mantle-cavity 
(Fig. 181, r). Here again the position of the anus is correlated with 
the characters of the shell, which is in the form of two lateral valves. 

§ 277. 

In all Mollusca, except the Lamellibranchiata, part of the fore- 
gut is differentiated into the so-called pharynx or buccal mass; 
this is generally a large organ, the structure of which is well adapted 
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to its function ; this function is to seize and comminute the food 
of the animal. The apparatus, which forms the chief portion of this 
arrangement, is a cuticular membrane which rises up from the lower 
wall : on it there are small teeth or hooks, which are directed back- 


wards and arranged in transverse 
in arrangement (Pig. 191, ah c d 



Fig. 191. A row of denticles from the 
mdula of Littorina littorea. a Median. 
led Lateral denticles (after Gray). 


rows. The teeth vary very greatly 
>, form, and number ; they are not 
only different in the larger di- 
visions, but also in the orders 
and families, and even in the 
species, so that the genetic affi- 
nities of the groups is indicated 
by the form of these parts ; and 
for this reason they have been 
much used in classification. As 
a rule they consist of a median 
longitudinal row (a), with which 
symmetrically -arranged lateral 
denticles are connected. The 


organ formed by the whole of these booklets is known as the radula. 
In many (Turbo, Patella) it projects some way into the coelom, and 
is enclosed by the sac-like sheath formed by a diverticulum of the 
wall of the oesophagus ; it may even be longer than the body itself. 
This organ may become very broad, and reach to the sides of the 
pharynx. In the Heteropoda it is so far more highly developed 
that the outermost uncini of the transverse rows may not only be 
very long, but also be articulated in such a manner as to be movable. 
When, therefore, the radula is protruded, these teeth are erected, 
and when it is drawn back they come together like pincers, and so 
act as seizing organs. 

There are special muscles for moving the radula which, with the 
cartilage on the wall of the pharynx (p. 361), help to increase the size 
of this organ (Fig. 200, B), The size of the radula is therefore closely 
correlated with that of the buccal mass. This organ is found in all 
divisions of the Mollusca excepting the Lamellibranchiata, although in 
some (Thecosomatous Pteropoda) it is feebly developed. In rare cases 
the radula and pharynx are altogether absent (Tethys). The radula is 
relatively small in the Cephalopoda (Fig. 192, Or), where the oral 
opening is marked by the presence of strong jaws. These are two 
strong pieces (Fig. 192, G) which resemble the beak of a parrot, and 
are provided with sharp edges ; the lower one (m') projects in front 
of the upper one {m). The soft edges of the lips cover the bases 
only of these jaws (Fig. 179, m m'). 

In the Gastropoda also the wall of the mouth has a firm invest- 
ment, which forms a kind of jaw. In the Nephropneusta there is 
a single semi-lunar piece which is beset by toothed ridges at its 
free edge. In many of the Branchiopneusta lateral pieces are added 
on to this unpaired one, which work horizontally on one another. 
These paired jaws are also present in the Prosobranchiata, but are 
best developed in the Opisthobranchiata. 
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The mouth of the Gastropoda is surrounded by the lips, which 
meet in front of the entrance into the pharynx. These lips are folds 
of the integument, which can be retracted or protruded with the 
pharynx. In some of the Prosobranchiata this arrangement is 
carried so far that the 


fold, which, as we have 
seen, ordinarily forms 
the lips, gives rise to 
a more or less elon- 
gated sheath, in which 
a proboscis, within 
which again is the 
pharynx, lies freely. 
When this proboscis 
is protruded, the inner 
wall of the sheath, 
which encloses it, is 
gradually everted (Do- 
lium. Cassis, Conus, 
Voluta, Buccinum, 
Harpa, Murex, etc.). 
It is clear then that 
this, the most anterior 
portion of the intesti- 
nal tract, may be very 
highly specialised. 

§ 278 . 

Behind the pha- 
rynx in the Gastro- 
poda the fore - gut 
forms the oesophagus. 



Fig. 192. A Pharynx of a Gastropod (PI euro - 
branchus); vertical longitudinal section. B Trans- 
verse section of the same, taken along the vertical 
line drawn in A. oe (Esophagus. I Lips, r Badula. 
k Cartilage. C Pharynx of a Cephalopod (Loligo) ; 
vertical longitudinal section, t Arms, m Upper, 
m' Lower jaw-piece, g Tongue, r Badula. oe (Esophagus. 


and part of it widens out into a stomach ; this is succeeded by the 
mid-gut, which often traverses the visceral sac in the form of a 
single loop j it passes on to the biud-gut, from which it is indistinctly 
separated. 

The canal is modified in character by the enlargement of various 
parts of the oesophagus; in this way a special portion is formed 
which functions as a crop. This is either spindle-shaped, as it is in 
many of the Prosobranchiata (it is very long in the Heteropoda), or 
it forms a unilateral diverticulum, which may develop into a caecal 
appendage (Lymnaeus, Planorbis, Buccinum). Parts of the fore-gut 
may also widen out into stomachal enlargements, which are separated 
o£E from the neighbouring tracts by constrictions. - These form 
divisions, set one behind the other. 


This separation distinctly correspond^ to a division of function ; 
this is also shown by the varying characters of the cuticular struc- 


tures of the different portions. For example, in Aplysia, one portion 
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is beset with pyramidal pieces of cartilaginous consistency, and 
another is provided with firm horny hooks. Similar kinds of hooks 
are found in the simple stomach of Tritonia ; in Scyllsca there is a 
broad girdle of sharply-pointed plates in the same region, while 
in the stomach of those Pteropoda in which the mouth-parts are 
rudimentary, there are strong radulae. The presence of these organs 
shows that these portions of the gut merely function in preparing 
the food for digestion. 

The widened mid-gut is no less modified, both in form and in 
the differentiation of its various parts. In many it is faintly dis- 
tinguishable. In others it forms a stomachal C 80 cum, so that the 
cardiac and pyloric ends get to lie close together ; this is the more 
common form. The stomach may be broken up into several 
divisions. For example, the cardiac and pyloric portions are often 
separated by a longitudinal fold, which projects into the stomach 
(Littorina) . 

Of the peculiarities of the rest of the enteric tube, the frequent 
enlargement of the hind-gut must be mentioned. In many Nudi- 
branchs the whole gut undergoes more marked modifications 
(-^olidiaa) ; in proportion as the liver takes on its functions it 
becomes more or less degenerated, the increased size of the liver 
compensating for the great abbreviation of the gut (vide infra, 
p. 365). 

In many of the Gastropoda there are glands connected with the 
anus ; these are sometimes of some size (Murex, Purpura) ; but it is 
not yet known what their significance is. 

The anus is lateral or dorsal in position according to the size of 
the shell and the development of the mantle-cavity. When the 
shell is absent, and a mantle-cavity also, the anus may be on the 
dorsal surface, and even in the middle line of that surface, as it is 
in some of the Nudibranchiata (Doris) (Fig. 200, a). In others it 
retains the lateral position which it acquired owing to the earlier 
possession of a shell (iEolidia). 


§ 279. 

In the Cephalopoda the pharynx (Fig. 199, yU) is continued into 
a narrow oesophagus, which, after passing through the cephalic 
cartilage, is either continued, without any change of diameter, into 
the stomach (LoliginideB), or it is provided somewhere along its tract 
with a crop'-like enlargement, which is often of considerable size 
(Nautilus, Octopoda). A stomach (Fig. 193, v) is formed by an 
oval or rounded enlargement, which is sometimes (Nautilus, Octopus) 
provided with strong muscular walls. On each side of the stomach 
there is a layer of muscles, which are arranged in a radial manner, 
and in the centre of which there is a tendinous plate; this is 
especially noticeable in the Nautilus. 

The pylorus, which is placed close to the catdia, leads into the 
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mid-gut, which is provided with a caecum ; this portion also has its 
inner wall thrown into longitudinal folds for 
the first part of its length. It generally takes 
a straight course (it is slightly coiled in 
Nautilus and the Octopoda only) forwards, 
to a short hind-gut (Fig. 193, i), which opens 
to the exterior at the base of the funnel. In 
many Cephalopoda there are two or three 
valves or valvular processes around the anus, 
the muscles in which are remarkably well 
developed. 

The C 80 ca (Fig. 193, c) at the commence- 
ment of the mid-gut vary not only in external 
form, but also in the characters of their in- 
ternal surface. The caecum is either rounded 
(Nautilus, Rossia, Loligopsis) or elongated; 
in the latter case it is often spirally coiled 
(Sepia, Octopus). When the caecum is very 
long, it is often coiled several times {e e). 

The inner surface is either thrown into pro- 
cesses, which are arranged in a lamellar Fig. 193. Digestive appa- 
fasHon (Nautilas), or these proceMes may 

form circular folds arranged in conformation ^ The stomach, opened 
with the spiral form of the cascum. " Two of longitudinally. ® A 
the largest folds receive the efferent ducts of passed through 

the liver, and project so far into the lumen of S^^t of the cmcum. 
the onteron as to form at times a valve-like e e Its spiral portion, 
apparatus which shuts off the caacum. It is [ Hind-gut. a Ink-bag. 

pobable that this caecum baa a secretory return (Star Home).® 
function, as in those forms (Loligo vulgaris) 
in which the folds are absent a large number of glands are to be 
found in its walls. 


Organs appended to the Enteric CanaL 

1) Appendages of the fore-gut* 

§ 280. 

Of those glandular organs which are connected with the enteric 
canal, the salivary are found only in those forms in which the 
pharynx is developed ; it is possible therefore to make out a certain 
connection between these structures. In the Gastropoda they are 
always placed on each side of the fore-gut, and open into the 
pharynx. Sometimes they form short ceecal tubes (Pteropoda), 
which are sometimes hidden in the very substance of the pharynx 
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(many Opisthobranchiata). When they are more highly developed 
their duct is elongated, so that the secreting portion comes to lie 
some way further back ; sometimes it is placed on the oesophagus, 
and at others on the stomach itself. In this case the glands are 
rounded, elongated, and generally flattened tubes (Prosobranchiata, 
many Pulmonata), which may be broken up into several smaller 
parts, or have the form of ramified organs ; the glands found on 
the stomach of Pleurobranchus are examples of this latter kind. We 
not unfrequently meet with two pairs, the efferent ducts of which 
are either separate all along their course, or the ducts of the hinder 
pair unite with one another. Even when there is but a single pair 
of glands they may be often observed to fuse into one mass, the 
double nature of which is shown by the presence of two efferent 
ducts. The salivary glands of many Prosobranchiata are differen- 
tiated functionally (Dolium, Cassis, Cassidaria, Tritonium), for part 
of the gland secretes free sulphuric acid. The glands of some Opis- 
thobranchiata (Pleurobranchus, Doris) are differentiated in the same 
way. 

Among the Cephalopoda, Nautilus is provided with a paired 
glandular mass, which is placed inside the pharynx. These glands 
are also present in many Dibranchiata (Octopus, Eledone), as 
are others, which are short and lie just behind the pharynx ; these 
have an efferent duct which penetrates the wall of the pharynx, and 
unites with its fellow of the opposite side immediately in the 
orifice of the duct (Fig. 199, gls s). In addition, there are glands 
behind these which lie at the sides of the oesophagus, and behind the 
point at which it penetrates the cephalic cartilage. They are either 
simple or lobate ; as a rule their efferent ducts unite into a single 
one, internally to the cephalic cartilage, and this duct opens into the 
pharyngeal cavity in front of the lingual ridge (Fig. 199, gls i). 

Pancebi, P., Gli organ! e la socrotione dell’ acido solforico uoi Gasteropodi. Alii 
della B. Accad. delle Sc. fiBiclie. Napoli. Vol. 111. 


2) Appendages of the Mid-gut. 

§ 281. 

Appended organs are very generally found on the mid-gut of the 
Mollusca; they represent the liver,^^ and are differentiations of the 
wall of the enteron, from which they are developed, under the form 
of diverticula, the primary origin of which is the sacculation of the 
endoderm. 

In the Lammellibranchiata the liver is a gland which sur- 
rounds the stomach and a large portion of the rest of the enteron. 
It forms numerous acini, which are connected together into large 
lobes, and open ^^arious points either into the stomach, or into the 
succeeding mvisi<m of the enteron. 
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In the Plaoophora it forms a pair of symmetrically disposed 
branched tabes. 

In the Gastropoda this gland is no less well developed. In the 
shelled forms it occupies the largest portion of the visceral sac 
within the shell ; it is always made up of a number of large lobes, 
and embraces more or less of the enteron. The bile-ducts from the 
lobes either open separately or together into the first portion of the 
mid-gut, and sometimes also into the stomach-like enlargement. 
The number, as well as the relative size of the separate portions of 
the liver, varies greatly. As a rule, however, when the liver increases 
in size it becomes less complex, while the smaller the lobes the more 
numerous they are. 

This mode of arrangement along a large portion of the enteric 
canal leads to certain changes in this 
portion of the enteron in one division of 
the Opisthobranchiata. The ducts of the 
several lobes of the liver widen out, and 
so form diverticula of the stomach ; when, 
therefore, there are a large number of 
hepatic tubes opening into the stomach, 
its inner surface has a reticular appear- 
ance (Doris, Doridopsis). Owing to this 
change, which is easily explicable by a 
reference to the origin of the liver, the 
glandular portion of this organ becomes 
apparently a mere covering for these 
irregular diverticula. 

This is indeed the origin of that 
arrangement of the digestive system in 
the 2®lolidia9 and others, to which we 
have already called attention (§ 278). 

The liver has the form of wide c 80 cal 
appendages, which arise from the mid- 
gut (Fig. 194, m), or so-called stomach. 

They are either directly connected, when 
the appendages open at once into the 
mid-gut, or indirectly, when they still 
form wide diverticula of it (Fig. 194); 
and these, too, may be due to certain 
changes in a part of the liver. These appendages traverse the 
ccelom and send blind processes into the dorsal cirri, when such 
are present. These processes are more or less branched, according 
to the number present, and they may, further, anastomose with one 
another. The size, just as much as the number and general form 
of the enteric appendages, may vary. Sometimes they are mere 
diverticula of the enteron, and may communicate with it by wide 
openings, and even be large enough to take in masses of food ; or, 
again, they may form narrow canals which do not take any d^ct 
share in the reception of the food. There are intermediate stages 



Fig. 194. Enfceric canal of 
.^olidia papillosa. Pha- 
rynx. m Mid-gat, with its he- 
patic appendages, (?i) all of 
which are not figured, e Hind- 
gat. an Anns (after Alder and 
Hancock). 



366 


COMPAEATIVE ANATOMY. 


between tbese extreme forms. The fact that these enteric caeca 
always have a glandular investment is of importance as bearing 
on their real character. These branches, therefore, are not merely 
physiological equivalents of a liver, but are to be regarded as modi- 
^ ncations of a true liver, which have come to take a share in increasing 
* Ike enteric qanal, owing to the enlargement of the lumen of their 
canals. same organ, which in other Gastropoda has the appear- 
ance of a liver, becomes a part of the di^tive tract in the iBolidim, 
and retains its primitive significance in its walls only, or, it may be, 
in parts only of these walls. The share taken by the cavities derived 
from the enteron in the functions of this tract explains how it is 
that the mesial enteric tube is so short. In other divisions also of 
the Opisthobranchiata the liver has the form of wide tubes — as in 
Phyllirhoe, Limapontia, etc. In all these structures the liver appears 
to be degenerated, and there is no early stage of differentiation ; this 
is because the ^olidias are derived from shelled Gastropoda. 

In the Pteropoda the liver is broken up into a large number of 
small CBBcal tubes. In Pneumodermon these tubes are collected 
together into branched groups, and the wide orifices of their ducts 
are scattered on the wall of the stomach, and give it an almost 
sieve-like appearance. In the rest of the Pteropoda acini of simpler 
character beset a portion of the enteron ; they form a well-defined 
mass, which is traversed by this tube (Fig. 201, A). 

The liver of the Cephalopoda is always a large, and, frequently, a 
compact gland ; in Nautilus it consists of four loosely connected 
lobes, each of which gives off an efferent duct. In the Dibranchiata, 
there are only two lobes, and these are either distinctly separated 
(Sepia), or only partly connected together (Eossia). In Sepiola 
and Argonauta the two lobes are more intimately connected ; in tho 
Loliginidae and Octopoda they form a single mass, which is traversed 
by the oesophagus. In no case does the liver give off more than 
two efferent ducts, which point to the primitive existence of two 
lobes, and which, just as in Nautilus, always open into the end of the 
caecum. 

There are peculiar glandular lobules on the hepatic ducts at the 
openings into the caecum, and also in the liver itself ; these differ in 
structure from the acini of the liver. The glands at either of these 
spots have been regarded as pancreatic glands, but it must be 
noted that they have no close affinity to the organs of that name 
found in the Vertebrata. In the Gastropoda also (Aplysia, Doris) 
special glands have been observed in the neighbourhood of the liver. 


8) Appendages of the Hind-gut. 

§ 282 , 

Various glandular organs belonging to this division are found in 
the Gastropoda only, where their significance has not been made 
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out. In the Cephalopoda, the Dibranchiata are ordinarily provided 
with an ink-bag, which is an organ of this kind; in many (Louginidss) 
this opens together with the hind-mt, and may, therefore, repre- 
sent a strucinire which has been developed from it, although, indeed, 
in other Cephalopoda, it opens below or behind the anus. It forms 
an elongated sac, the contractile walls of which form internally- 
projecting lameUee (Fig, 193, u), and which secretes the well-known 
black fluid. 


Coelom. 

§ 288. 

A coelom appears very early in the differentiation of the 
Molluscan body. The complications which affect the coelom, owing 
to the coils of the enteric canal which are embedded in it, and the 
appended organs which are developed from its walls, are further 
increased by the formation of other organs, and, especially, of the 
generative system ; the cavity is thereby broken up into a number 
of segments varying in size. As a rule, the coelom is continued into 
the processes of the body, as, for example, into the mantle-flaps of 
the Lamellibranch, and the mantle of the Gastropoda. Less im- 
portant appendages of the body are also frequently connected with 
the coelom. 

As a rule, the vascular system is freely connected with the coelom, 
which therefore forms a portion of the haemal system. This 
arrangement is more or less well marked ; and more or less wide 
spaces are shut off from the coelom, according to the degree to which 
the vascular system is developed. When the wider spaces of the 
coelom are connected with the vascular system, these portions of the 
haemal system form lacunae ; when these spaces are broken up, either 
by the organs which are embedded in them, or by the bands of tissue 
which connect together the walls of these organs, they become con- 
verted into narrow, and often into vascular canals, which, moreover, 
are frequently arranged in a regular manner. In the Lamelhbran- 
chiata and Gastropoda there are all kinds of stages of this kind ; 
in the Cephalopoda the blood- vascular system is very complete, and 
true lacunar spaces are, for the most part, confined to the visceral 
sac. By means of the excretory organs (§ 289), the coelom, as in 
many vermes, communicates with the surrounding medium. 
The water is thereby enabled to mix with the blood. In 
addition to the communications which the coelom has with the 
exterior by means of the excretory organs, it is able to communicate 
with it directly, owing to the presence of pores in the foot of 
the Lamellibranchiata and Gastropoda; the fiuid is able to 
escape from the coelom through these pores. This has been definitely 
made out both in the Lamellibranchiata (Mactra, Oardium, Solen) 
and in the Gastropoda (Pyrula). This fiuid is of especial importance 
in locomotion, inasmuch as the animal is enabl^ to sweU out its 



js iho iMto. ‘ By ite raiMolied luip be 
effiMed, 



^ ^ Him ipBstb$ eriBteeiiy mA iliewmolo the 

ana eitpeoially that o{> the foot^ 

The foyme of prokoiEUng o^rtt^ IWt^ Which hare 
been withdrawn into the shelly tfbd especially the foo^ depends on 
these relations, which are definitdy known to exist in t^ oaae of the 
LameBibranchiata and Gastropoda, as also ip that of the Pt^poda, 
As yet it is not definitely known whether water is taken into the 
haemal system in the Cephalopoda. 


Vascular S]rstem. 

§ 284. 

In all the Mollusca, excepting the Scaphopoda, the vascular 
system is arranged in almost exactly the same way, so far as all 
essential points are concerned. These are, first, the presence of a 
dorsal longitudinal trunk, a portion of which is developed 
into a central organ (ventricle) ; secondly, transverse 
vessels are connected with the longitudinal one, which, 
when lateral gills are present, carry the blood from them 
to the heart, and are further differentiated into organs 
of circulation by becoming auricles for the ventricle. 
This dorsal development of the chief portions of the circulatory 
system is a point in which they resemble the Vermes (cf. p. 168). 

The symmetrical arrangement of the auricles in Mollusca which 
are in other points markedly divergent, shows us that this is a 
peculiarity which lies at the very bottom of their organisation ; 



Fig. 195. Diagram to show the relations of the Uircniatorj uenires in me 
hfollnsca. A Part of the dorsal vascular trunk and transverse tmnks of a Worm. 
B Heart and auricles of Nautilus, C7 of a Lamellibranch or of Loligo, D of 
Octopus. E Heart and auricle of a Gastropod, v Ventricle, a Auricle, ac Arteria 
cephalica. ai Arteria abdominalis. The arrows show the direction of the current 

of blood. 1 


while the presence of two pairs of aurioh^ which open behind one 
another into the ventricle, in the tetrabranchiate Cephalopoda, 
points toametameric arrangement of the vascular system, 
just as much as does the presence of several transverse trunks in the 
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have to tlie rest of the extant mto^rs of their group. The presence 
of but one pate of auricles appears, on Ihe other hand, to be a degene- 
ration (Placbphora, Dibranohiate Cephalopoda, Lamellibranohiata, 
and many Gastropoda), which corresponds to the reduction of the 
gills. The key, therefore, to the comprehension of the mode of 
formation of the ventricle and auricles in the Mollusca is to com- 
pare them with more indifferent organs. When part of the dorsal 
vessel is converted into the ventricle, the parts tlmt are continued 
from it form arterial trunks, and these, when they retain their 
primitive course, are distinguished as anterior and posterior aortse 
(aorta cephalica, et aorta intestinalis sive abdominmis). In some 
of the Cephalopoda, the Octopoda {D), we meet with an important 
change in position, for the trunk of the dorsal vessel has made a 
loop-like turn, so that the two arterial portions {ac and ai) run in 
the same direction for a certain distance. The points at which they 
arise from the ventricle are thereby approximated. The circu- 
latory system of those Gastropoda, which are characterised by the 
fact that only one arterial trunk is given off from the ventricle, 
may be derived from a similar relation of parts (Ef). This single 
arterial trunk divides into two branches, which are distributed in 
just the same regions as are the two arterial tranks {ac and ai), 
which are given off from either end of the ventricle in the Cepha- 
lopoda and Lamellibranohiata. It may, therefore, be regarded as 
developed from the two arterial trunks, which were primitively 
disposed along a single axis. The final reduction of the auricles 
to one is due to a reduction in the number of the gills, and 
is correlated with the union of the anterior and posterior arterial 
trunks. 

The auricles and ventricle appear, therefore, to have been derived 
from different portions of a primitive vascular apparatus, and point 
to a metameric arrangement ; taken in conjunction with the signs 
of metamerism exhibited in the nervous system (p. 344), they lead 
us to suppose that the ancestors of the Molluscan phylum were 
segmented organisms, 

§ 285. 

The heart, in the Phijisophora and Lamellibranohiata (Pig. 196, v), 
lies in the middle line ^ the body, just below the back, and is sur- 
rounded by a pericar^in; it receives blood from two lateral 
auricles (a) while the aboTO-mentioned vascular trunks arise from it 
anteriorly and posteriorly. In the Placophora the heart is placed a 
good way back, so that the anterior arterial trunk is of a considerable 
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" Tfi most Ijamelfibranoliiata the heart is divided into 
’UnefiBahcif whidi embrace *the Wnd-gnt (i), and which give off the 

aorta after they unite. ' Jm Area this 
passage of the hind-^^ through the 
Wrt leads to the formation of two 
ventricles, which are represented 
by two completely separate cham- 
bers, eadi of which is provided with 
an auricle. Eadi ventricle gives off 
an aorta, which unites with its fellow 
of the opposite side before it gives 
off any branches, so that there is a 
single aorta all the same. The same 
holds for the posterior arterial trunk. 

The anterior arterial trunk passes 
as far as the region of the mouth, 
where it gives off branches and opens 
into wide heemal spaces. The pos- 
terior arterial trunk, the length of 


Fig. 196. Vertical section throngh an 
Anodonta. v Ventricle, a Auricles. 
pp* Pericardial cavity. % Hind-gnt. 
m Mantle, hr hr^ Branchiffi. / Foot. 


which is dependent on the develop- 
ment of the hinder portions of the 
mantle, which represent the siphons, 
also passes into haemal spaces or 
lacunae. 


Spaces of this kind, which are essentially marked ofE by connec- 
tive tissue, ramify not only in the mantle, but also between the 
viscera. They may be distinguished into larger or smaller recep- 
tacles for blood, according to their width ; while, further, they take 
the place of a capillary and of a venous system. Larger sinuses 
are regularly present at the base of the gills, and a median 
azygos one — which collects together the venous spaces in the foot 
— extends between the two adductor muscles. All of these haemal 


spaces are connected together, and form in different parts a more or 
less wide mesh-work. The two lateral spaces also communicate with 
the organs of Bojanus (§ 290). 

If we follow out the course which is taken by the blood sent from 
the arteries to the periphery, although, indeed, many points about it 
have not been definitely made out, we find that some of it goes to 
the mantle, and some to the visceral sac. Thence some of it passes 
into the branchial sinuses, and from these either directly into the 
gills, or to the glands of Bojanus, before it passes to the respiratory 
organs. The latter course is that which is taken by most of the 
blood. Since, however, the haemal spaces at the base of the gills 
are in direct communication with the auricles of the heart, part — 
although a small part — of the blood is able to return to the heart 
without going to the gills. The blood from the mantle also comes 
to the heart, and passes at once into the auricles ,* but this cannot be 
regarded as absolutely venous blood, on account of the respiratory 
function of the flaps of the mantle. As all the blood which comes 
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firom the gQls is received into the anricles, all of tixe blood finally 
retams, by yarions wsyg, to the ventricle. 

The charactW' d the droolation in the glands of Bojanns is 
worthy of rrauak. llese excnetory ragans are plat^ in the 
way of the blood which is. going to the gilH ud wM^, there- 
fore, is venons; and herein we get a of {ffimitive- portal 
circulation. . 

§ 286. 

In the Gastropoda, the heart, which is here also todosed in a 
pericardium, is often provided with two lateral auricles (Haliotis, 
Fissnrella, Nerita). l^chus also has two anricles, but the left one 



Fig. 197. Organisation of Falndina vivipara. c Head, t Tentacles, p Foot. 
op Operculum, o Eye. a Auditory organ, n Cerebral ganglion, n* Pedal ganglion. 
n" Branchial ganglion, n'" Buccal ganglion. (The commissure from the cerebral 
ganglion is not figured.) ph Pharynx, oe CEsophagus. 2>r Branchiss. r Renal organs. 
8 Venous sinus. Sv Venous sinus at the base of the branchiae, f Branchial artery. 
at Auricle of the heart, v Ventricle, ap Posterior artery (visceral artery), aa Anterior 

artery (after Ley dig). 


is somewliat reduced; in the rest of the Gastropoda, as also in the 
Pteropoda, there is but one auricle (Fig. 197, at). The dorsal position 
of the heart is modified by the asymmetrical development of the 
visceral sac ; it is always placed close to the respiratory organs, and 
the thin-walled auricle is always directed towards them. It is 
placed in front of them in the Prosobranchiata, and behind them in 
the Opisthobranchiata. It has in many Gastropoda the same rela- 
tion to the rectum as it has in the Lamellibranchiata (Turbo, 
Nerita, Neritina); in some, indeed, the ventricle is divided (Maliotis, 
Fissurella, Emarginula)* 

An aorta arises from the ventricle and gives off a visceral artery 
which passes backwards {ap), while the trunk is continued on as an 
aorta cephalica (aa). This latter passes directly to the anterior 

2 B 2 
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parts of tlie body, and generally gives off a large branch to the foot ; 
this sometimes looks as if it were a continuation of the chief trunk. 
In addition to this, it gives ofE on its course branches which pass to 
the stomach, salivary glands, and so on ; it either ends simply, or 
after several ramifications, in the region of the pharynx. In the 
Pteropoda it is more widely distributed, for in them the pedal branch 
has the characters of a continuation of the chief trunk, and in the 
head it divides into two large terminal branches which ramify largely 
in the fins. The visceral artery, which corresponds to the posterior 
artery of the Lamellibranchiata, is but slightly broken up iu the 
Pteropoda and lower Gastropoda. Like the cephalic artery, it loses 
itself in larger haemal spaces. In most of the Prosobranchiata it is 
greatly developed, and much broken up (op) ; this is the case also in 
many of the Tectibranchiata (Pleurobranchus), but in others it is 
replaced by several smaller arteries (Aplysia). The visceral arteries 
of the Nudibranchiata are branches of the principal trunk (Doris) . 

The afferent vessels differ according to the number, form, and 
disposition of the respiratory organs. In many of the Nudibran- 
chiata the blood is collected from the body-cavity near the auricle. 
In others, which have distinct respiratory organs, there are definite 
canals, or even vessels with special walls, which convey the blood 
from the venous passages to the respiratory 
organs. When these are most simple in character, 
the blood passes to the auricle without going 
through branchial veins. This is the case, too, 
in many of the Pteropoda. When the gills are 
more highly develop^ the returning blood is 
collected into special venous trunks, which open, 
either separately or together, into the auricle. 
These branchial veins are always so arranged as 
to be adapted to the size as well as to the posi- 
tion of the branchiae. In many of the Nudi- 
branchiata (iEolidia, Scyllaea, Tritonia), large 
vessels pass off from the gills and unite together 
to form larger trunks, which give rise to a median 
or two lateral branchial venous trunks, connected 
with the auricle of the heart. When the bran- 
chiae are scattered over a larger portion of the 
surface of the body, this afferent system of bran- 
chial vessels is well developed, but when they are 
limited in extent it is reduced in size (Doris, 
Polycera). Tritonia is an example of the former 
airongement (Fig. 198), for in it two lateral bran- 
chial venous trunks (ss) pass by means of a trans- 
verse trunk to the heart. The transverse canal 
forms a kind of double auricle (a), although indeed it has only one 
opening into the ventricle (v). 

The paths by which the blood goes to the branchiae are always 
more or less lacunar. In many of the Opisthobranchiata the blood 



Pig. 198. Fart of 
the circulatory or- 
gans of Tritonia. 
8 Yenons sinuses 
laid open. The wall 
is perforated by 
the openings of 
the branchial veins. 

V Ventricle. 
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from the coelom is collected into canals, which run in the integu- 
ment ; and thence it is distributed to the gills. All the blood, how- 
ever, does not pass to them, for some is returned to the heart after 
having passed through the integument. 

In Helix and Limax the haemal spaces, which pass into the wall 
of their branchial cavity, and which form a system of canals which 
carries blood to the res- 


piratory organs, are de- 
veloped in a vascular 
manner. They break 
up into a rich network 
in the integument, and 
this network gives off a 
number of large trunks 
with distinct walls, 
which unite to form a 
pulmonary vein ; 
and this vein passes 
into the auricle. The 
network of pulmonary 
vessels may be regarded 
as a large blood sinus, 
which extends into the 
walls of the lungs, and 
which is broken through 
at various points by 
islets of firm substance. 

§ 287. 

The heart of the 
Cephalopoda is placed 
at the base of the vis- 
ceral sac, and is formed 
of a rounded or trans- 
versely - oval ventricle 
(Fig.l95,j50; Fig.199, 
c), which receives blood 
from as many bran- 
chial veins as there are 
branchiae. That is to 



Fig. 199. Anatomy of Octopus. Mantle-cavity and 
visceral sac, opened from the ventral surface, ph Pha- 
rynx. gls 8 Superior salivary glands, gls i Inferior 
salivary glands, o Eye. i Funnel, hr Branchiae. 
ov Ovary, od Oviduct, c Heart, v hr Bi^chial veins, 
a Arteria cephalica. vc Yense cavse. av Yenous 
appendages (after Milne-Edwards.) 


say, in Nautilus there are four, and in the rest of the Cephalopoda 
two branchial veins opening into the ventricle. These veins are 
generally considerably widened out in front of their opening into the 
ventricle (Fig.* 199, v hr), and this enlargement is homologous with 
the auricle in the Gastropoda and LameUibranchiata. Two arterial 
trunks always arise from the heart; one, the larger, passes straight 
forwards ; this is the arteria cephalica (Fig. 199, a ) ; at some dis- 
tance from it a smaller trunk, the arteria abdominalis (a') is given 
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off, and this generally passes backwards. This, which is the general 
mode of arrangement, shows distinctly how the Cephalopoda agree 
with the two other classes, while it points to their having a close 
affinity to those Mollusca which are distinguished by the possession 
of two auricles. 

The cephalic artery first of all gives off large branches to the 
mantle, and some to the intestinal tract and io the funnel ; when it 
reaches the head it gives off the optic arteries and supplies the oral 
regions, and divides into larger branches, the number of which 
depends on that of the arms. In some of the Cephalopoda the 
brachial arteries spring from a circular vessel, which is developed 
around the commencement of the oesophagus. The abdominal artery 
is more varied in character ; in some of the Sepiadse (Fig 202, a ') 
and Loliginidas, it arises opposite to the cephalic artery, and has, 
therefore, the same relations as the visceral artery in the Lamelli- 
branchiata ; but, in the Octopoda, it arises from the anterior region 
of the heart, close to the aorta (Fig. 199); it very soon breaks up 
into several branches for the enteric tube and generative organs. In 
the Loliginidm, however, it gives off two additional branches for the 
fins ; in Ommastrephes a special enlargement (which is perhaps an 
accessory organ of circulation) may be observed on these vessels. 

All over the body the terminal branches of the arteries communi- 
cate with the veins by means of a well-developed system of capil- 
laries. In the greater part of the body, at any rate, this system 
takes the place of the lacunar blood-passages which were found in 
the other Mollusca, and of which it seems to be a differentiation. 

The venous roots from the capillaries are collected into larger 
trunks, which have sometimes the characters of true veins, and are 
sometimes widened out into large spaces, so that they are inter- 
mediate between true vessels and mere lacuna©. Of the more special 
characters of the venous system we have to note that the brachial 
veins are united into a circular sinus, placed in the head ; this is 
supplied also by neighbouring smaller venous trunks, while it 
gives off a large hasmal canal (vena cephalica, or great vena cava) 
(Fig. 202, vc)j which passes backwards to the branchial region. At 
the gills it breaks up into two (Dibranchiata) or four (Tetrabran- 
chiata) venous trunks ; these take up the other veins which come 
from the mantle and viscera (t’c") and pass to the base of the gills. 
In the Dibranchiata the branchial arteries acquire a muscular in- 
vestment and form a contractile portion, or branchial heart 
(Fig. 202, VC '), which pulsates rapidly, and acts as an accessory organ 
of the circulation. Special appendages are attached to the branchial 
artery in front of these branchial hearts ; these, which are diverti- 
cula of the walls of the vessels, are bathed by the venous blood, 
which passes into the branchia©, in just the same way as are the organs 
of Bojanus in the Lamellibranchiata (vide Excretory Organs, § 289). 

Although the venous blood-receptacles of the Cephalopoda which 
we have described may be regarded as a venous system, provided 
with closed walls, true blood lacuna© are not absent. They are dis- 
tributed in just the same way as in the other classes of the Mollusca. 
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The coelom is such a blood-space ; all the organs in it are bathed by 
venous blood. Various veins open into it, and it is also connected 
by two canals with the large vena cava (vena cephalica). 

Milne-Edwakds et Valenciennes, Nouv. obs. but la constifc. de Vappareil de la 
circulation cbez les Moll. M4m. Acad, des Sc. T. XX. Milne-Sdwards, 
Voyage en Sioilo. T. I. 

§ 288 . 

The blood fluid of the Mollusca is, as a rule, colourless, and 
often has a bluish or opalescent appearance. In many Cephalopoda, 
however, it is violet or green, and in some Gastropoda (Planorbis) 
the blood is red — the plasma being coloured. 

The form-elements of the blood are always colourless, and have 
the character of indifferent cells, which give off all kinds of pseudo- 
podia-like processes during their amoeboid movements; this has 
been observed in the Lamellibranchiata and Gastropoda. 

A rounded organ extends alongside the branchial arteries of the 
Cephalopoda ; its function is not known, but it may perhaps be an 
organ which is of importance in the development of the form- 
elements of the blood. 

[Lankester, E. Ray, Distribution of HsBmoglobin in tho Animal Kingdom 
(red corpuscles of Area and Solen). Proo. Royal Society, 1873.] 


Excretory Organs. 

§ 289 . 

In addition to the various organs which have been already noted 
as present in the integument, and which serve as excretory organs, 
there are others which open on to the surface of the body, and 
which are much more important from this point of view. 

In the Placophora there is a glandular organ which is placed 
close to the anus; but it is not certain that it is comparable to the 
excretory organ of the Conchifera. Its internal orifices have not 
been observed. For the present, therefore, we must regard this 
organ as not belonging to the same series as the excretory organs of 
the rest of the Mollusca. 

These typical excretory organs of the Mollusca are 
homologous with the organs found throughout the Vermes, 
and there called renal; which organs form the looped 
canals (nephridia) of the Annulata, In the Mollusca also they com- 
mence by an external orifice, and open into the coelom after a longer 
or shorter course. The internal opening is distinguished by special 
arrangements; most commonly, perhaps, indeed, generally, by an in- 
vestment of cilia, whereby they call to mind the ciliated funnels of the 
looped canals of Vermes. Owing to the presence of thes^ organs, the 
internal cavity of the body communicates with the surrounding 
medium. They are able, therefore, to bring water into the bodv, 
while, like their homologues among the Vermes, they may preside 
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over other functions also. Thus they may have relations to the 
generative organs, as is clearly the case in some of the Lamellibran- 
chiata. There is good reason also for thinking that the efferent 
ducts for the generative products in the Cephalopoda are derived 
from these excretory organs. They have not, therefore, any exclusive 
relation to excretion. When they are excretory in function, the walls 
of the canals, which are otherwise simple, undergo a certain amount 
of metamorphosis, and may then be seen to have a glandular 
structure. In these cases they may be regarded as kidneys,^^ on 
account of the chemical constitution of their products. In this case, 
if examined under the microscope, they are seen to be provided with 
secreting cells, the contents of which are formed by granular or con- 
centrically striated concretions, similar to those which are of such 
importance in the renal secretions of other groups of animals. 

Where the internal orifice has been observed, it has been seen to 
lead into the pericardial sinus, through the wall of which the duct 
passes. If it be true that the excretory organ is derived from a 
looped canal, it is highly probable that the wall of this pericardial 
sinus is derived from a dissepiment, such as those which caiTy the 
openings of the looped canals in the Annelides. Many facts, however, 
are wanting to confirm this supposition, and particularly those which 
would explain how the change in the position of this dissepiment 
has been brought about. 

§ 290. 

In the Lamellibranchiata the excretory organ is known as the 
Organ of Bojanus; it is always paired, although sometimes it is 
fused into one mass along the middle line ; it lies on the dorsal side 
of the body, close to the base of the gills. Its substance is made up 
of a yellowish or brownish coloured spongy tissue, the interspaces 
in winch often run together, and generally form a large central 
cavity. From this cavity a pore, on either side, leads into the peri- 
cardium, while another leads into the efferent duct. The latter either 
lies close to the genital pore, or is confluent with it, or, lastly, the 
generative organs open into the organ of Bojanus, so that the 
generative products are passed out to the exterior through it (Pecten, 
Lima, Spondylus). Area and Pinna have the efferent ducts united; 
Cardium, Chama, Mactra, Pectunculus, Anodonta, Unio, etc., have 
the orifices of the excretory and generative organs separate. The 
walls, which rise up in folds, or the meshwork-like tissue of the 
organ, is thickly invested with secreting cells, which secrete the 
already-mentioned concretions, in many of which the characteristic 
excretion — uric acid — ^has, of course, not yet been observed. As 
to its relations to the vascular system, see p. 370. 

The Scaphopoda resemble the Lamellibranchiata in the possession 
of a paired excretory organ. 

§ 291, 

In the Gastropoda the excretory organ varies still more in 
character. A paired excretory organ — the predecessor of the per- 
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manent kidney — ^has been made out in the Pnlmonata. In adult 
animals the organ is, as a rule, unilateral. This double rudiment 
points to its being the same as the paired organ of the Lamelli- 
branchiata. The recent discovery of a paired excretory organ in 
Haliotis, Fissurella, and Patella, in which forms the left organ is 
more or less rudimentary, seems to be decisive on the matter. The 
degeneration of one of the two organs appears to be correlated with 
the degeneration of other paired organs, as, for example, the gills. 
So far as exact observations show, it opens by one pore into the 
pericardial sinus, and by the other to the exterior. In the majority 
of the Gastropoda, uric acid has been detected in the organ. This 
is especially true of the Pulmonata, in which the kidney, which is 
placed between the heart and pulmonary veins, can be easily recog- 
nised on account of its whitish or yellowish colour. It is lamellar or 
spongy in structure, and the lamellae, or bands which make it up, are 
covered by large secreting cells, in which firm concretions of various 
forms can be made out. The long efferent duct, which commences 
some way back, opens into the pulmonary cavity, which in Helix 
appears to be a widened terminal portion of this duct. 

In the Prosobranchiata the kidney lies between the gills and the 
heart ; it has the same position in some of the Opisthobranchiata. 
As a rule an efferent duct passes forwards and accompanies the hind- 
gut, below which, and often not far behind the anus, we find its 
orifice. 

' In many of the Opisthobranchiata it appears to have lost its 
excretory function (as in Polycera), or the excretion is fluid. In this 
case the kidney (as in Phyllirhoe, Actason, etc.) has the form of a 
long transparent tube, which extends some way back behind the 
heart along the middle line of the body, and is placed close to the 


t r 2» 



Fig. 200, Diagram of Doris, to show the excretory organ jR. o Mouth. I Lips. 
B Buccal mass, os (Esophagus, v Stomach. % Intestine, a Anus, at Auricle. 
V Ventricle (after A. Hancock). 

back. It opens into the pericardial sinus by a ciliated oriflee, and 
by a contractile one on to the surface of the body. 

In many of the Opisthobranchiata a greatly-developed caecal-sac 
is given off by this organ, which gives off secondary diverticula 
(Fig. 200, jB), and so gradually forms a ramified tube. Structures of 
this kind, which resemble a ramified gland, have been observed in 
Doris, Dendronotus, Scyllesa, etc. A canal (B') is continued from the 
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pericardial orifice {r") into the interior of the tube, where it opens 
(r')y so that it only communicates with the exterior in a round- 
about manner. 

In the Thecosomatous Pteropoda, and also in the Heteropoda, the 

organ which is regarded as the 
kidney, because of the similarity 
between its two orifices and 
those of the Prosobranchiata, is 
also remarkable for its spongy 
character. In Carinaria, among 
the Heteropoda, it is provided 
with a distinct investment of 
secreting cells; in all the rest 
there is a clear cellular layer 
instead. The framework of 
the kidney is stiff ; but in 
Atlanta and the Firolidae it is 
contractile, and performs en- 
ergetic and spasmodic contrac- 
tions. In the Thecosomatous 
Pteropoda also, the kidney can 
act in this way, e.g. in Chreseis 
(Fig. 201, re). 

As the glandular nature of 
this organ is doubtful when the 
secreting cells do not contain 
concretions, greater weight may 
be laid on its relations to the in- 
gestion of water, which has been 
best observed in these cases. 
The movements of the organ 
are not limited to merely open- 
ing and closing its external 
orifice, but they also drive the 
water inwards and mix it with 
the blood which is returning to 
the respiratory organs from the 

Fig. 201. Organisation of Chreseis. general circulation ; this organ is 
pp The fins, os GSsophagns. v Stomach, always placed in the course taken 
r Bind-gnt. h Liver, a Auricle. cVen- ty this current. Although the 

ol ‘le 

g Hermaphrodite gland, g' Hermaphro- tory organ has not been directly 
dite duct, g" Penial pouch, m Points to observed except in theSO divi- 
the position of the retractor muscle. jg 

concluding that it does not also 
obtain in the rest of the aquatic Gastropoda. It is in the Nephro- 
pneusta only that the parts concerned have other relations, but even in 
them the kidney has the same relations to the system of blood-canals, 
for thefiuidof the blood maybe observed to pass out by the renal orifice. 
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§ 292. 

The great variations in the more special characters of the excre- 
tory organ, which are seen in the Gastropoda, prevent our being 
astonished at the fact that this same organ is otherwise modified in 
the Cephalopoda. All the Cephalopoda possess in their visceral mass 
closed sacs, which open into the mantle-cavity. As the efferent ducts 
for the generative products resemble the excretory canals in having 
that part of them which surrounds the germ -glands connected 
with the coelom, it is pro- 
bable that these efferent 
ducts have been derived 
from primitive excretory 
organs; in this case the 
Cephalopoda must have 
had a larger number of 
these organs, of which 
some alone have retained 
their primitive significance. 

Pour of these organs are 
found in Nautilus, and two 
in the Dibranchiata. Their 
orifice is sometimes placed 
on a papilliform process 
(Pig. 178, r). The large 
branchial vascular trunks 
project into these sacs, and 
their walls, therefore, are 
irregular in form. So far, 
however, as these vessels 
project into the sacs, their 
walls must be regarded as 
to the sac. In 
with the bran- 
chial arteries the wall of 
each sac presents numerous 
ramified appendages, which project into the lumen of the sacs (cf. 
Fig. 178, JB; Pig. 202, re) ; they are formed by caecal diverticula of 
the vessel, and a superjacent glandular investment. In Nautilus these 
appendages of the four venous trunks are clothed by tubular glands 
which open into the connected sac. It is still doubtful what we 
should regard the appendages on the other blood vessels, which 
project into the pericardial sinus, as being. As this sinus communi- 
cates with the mantle-cavity, perhaps they also represent excretory 
organs. In the Dibranchiata the venous appendages appear to 
have a somewhat different structure. Concretions of phosphate 
of calcium appear to be the principal products of this appa- 
ratus ; in the Sepiadee this organ (Pig. 201) is very large, and 


belonging 

connection 



Fig. 202. Circulatory and excretory organs of 
Sepia, hr Branchiae, c Heart, a Anterior 
artery of the body (aorta), a' Posterior artery. 
V Enlargements of the branchial veins, repre* 
seating the auricles of the heart, v' Bi’anchial 
vein, running alongside the branchiae, vc An- 
terior large vena cava, vc' Branchial arteries 
(branches of the vena cava). rc" Posterior 
venae cavae. re Spongy appendages of the 
branches of the venro cavae. tu Their diverticula. 
The arrows indicate the direction of the blood- 
cun*ent (after J. Hunter.) 
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extends even on to the smaller roots of these veins. Owing to this 
arrangement^ this secreting apparatus has relations to the venous 
current of blood which passes to the gills; it has therefore the 
same relation as the excretory organ of the Lamellibranchiata and 
Cephalophora. 

It is less certainly proved that the sacs which contain the excre- 
tory venous appendages have any internal communications. While 
some authors assert that there is such a connection with the blood- 
vascular system, and especially with the pericardial sinus, others 
deny it. These organs still, therefore, require much elucidation. 

Hancock, A., On tho Structure and Homologies of tho Renal Organ in the 
Nudibranchiate Mollnsca. Transact. Linnean Soc. Vol. XXIV. 


Generative Organs. 

§ 293 . 

Reproduction is never effected in the Mollusca by any of those 
asexual modes which we saw in the Arthropoda to be ultimately duo 
to sexual differentiation. It is exclusively dependent on the complete 
activity of both sets of generative organs. In several divisions the 
two organs have been seen to arise from different layers of the 
embryo; the male having been found to have relations to the 
ectoderm, and the female to the endoderm. These organs are fairly 
distinct in the different classes of the Mollusca, so that it is only 
possible to derive them from a ground-form common to the whole 
group, by looking for this form at a very low stage of differentiation. 

In the Placophora there is an unpaired germ-gland, from 
which paired efferent ducts lead to the laterally and posteriorly 
placed genital pores. Owing to the presence of separate efferent 
ducts, the arrangement is of a higher grade than it is in the Lamelli- 
branchiata. In most, the sexes appear to be distinct. 

In the Lamellibranchiata, individuals in which the two sexes 
are united are only found in a few diverse genera, or even in 
isolated species ; they probably represent the remnant of an 
arrangement which was formerly found in the whole class. 
In the Oysters we find an intermediate step towards a separa- 
ticm of the sexes, inasmuch as these organs are not active at 
the same time in the same individual; but the male and female 
organs are alternately so. The germ-glands are paired and 
placed at the sides; they also open separately. They generally 
occupy a large portion of the coelom, and are often intimately con- 
nected with other organs. 

Gradational differences can be made out in the relations of the 
two kinds of germ-glands in hermaphrodite forms, which indi- 
cate the lines along which the separation of the sexes has been 
effected. In some (e.g. Ostrea) the germ-gland is a hermaphrodite 
organ in the fullest sense of the word. The follicles which produce 
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the ova, and those which produce the semen, are united together, and 
the efEerent ducts are common to both sets of products. In Pecten 
also (P. varius) the latter arrangement obtains, but the germ- 
gland itself is difEerentiated into a male and a female portion. The 
former is placed in front and above, the latter behind and below. 
When, finally, as in other forms, the separate germ-glands have 
ducts which open separately, they are more highly difEerentiated 
(Pandora). In many genera hermaphroditism predominates in some 
species, while others have the sexes separate (Cardium). 

The efEerent ducts of the germ-glands are feebly developed, 
and the glandular lobules are often placed close to their common 
orifice. There are, therefore, no accessory organs of any kind. 
They open in various ways on either side. The genital canal is 
sometimes united with the excretory organ, so that it looks like a 
differentiation from it, and the generative products are p^sed out 
through it (e.g. Pecten, Lima, Spondylus); the genital canal is 
sometimes united with the orifice only of this organ (e.g. Area, 
Mytilus, Pinna ) ; lastly, it sometimes cmens by a proper papilla 
(e.g. in Ostrea, Unio, Anodonta, Mactra, Chama). 

From these facts it is clear that the excretory apparatus is of 
great importance in aiding in the formation of the efferent ducts of 
the generative products. The genital canal, inasmuch as it opens into 
the excretory organ, appears to be a differentiation of the latter, 
which is extended to the germ-glands in which the generative pro- 
ducts are developed; and the gradual separation of the genital canal 
from the excretory organ implies a further stage of differentiation, 
which leads to a complete separation of the genital canal, and con- 
sequently of the generative organs, from the excretory organ. This 
arrangement, which is seen in all the higher Mollusca, 
must t^herefore be derived from a primitive functional con- 
nection between the generative and excretory organs; this 
relation is, later on, simply indicated in a faint manner by the 
approximation of the external openings of these organs. 

The Lamellibranchiata, by showing the lines along which the 
differentiation of the efferent ducts of the generative organs has 
been effected, are not, so far as these relations are concerned, so 
very distant from the Vermes or the Brachiopoda. Some of the 
Vermes present us with relations identical with those of the Lamelli- 
branchs; while others, having the efferent apparatus greatly, and 
apparently specially, complicated (Platyhelminthes), make it at first 
sight more difficult to give any explanation of this matter. 

§ 294 . 

The generative organs of the Gastropoda and Pteropoda are in 
many ways more highly differentiated. Although there is a " her- 
maphrodite gland,^^ as in the Lamellibranchiata, which is found in 
a larger number of forms, the apparatus is considerably compli- 
cated, and, as a rule, has copulatory organs connected with it. The 



- ’rke li«rm&pliTodit« gland vaiies greatly m cbaraoter. Xt is 

always made np of a 
number of lobes (Pig. 
203, A), which form the 
ovarian germs at their 
farthermost blind ends 
(a), while the seminal 
masses are developed at 
some distance from the 
end (6). These spots are 
not, however, separated 
from one another, but 
the common cavity of a 
lobule is the spot at 
which the various pro- 
ducts are developed. 
They are, therefore, cells 
derived from epithelial 
structures, which become 
ova at one point, and at 
another give rise to seminal filaments. This double production does 
not seem to take place simultaneously, as a rule, so that the same 
lobule or the same gland produces ova at one time, and sperm at 
another. 

A differentiation may be made out in the lobules when the 
ovarian portions form diverticula {B, a ) ; in this case they are 
grouped in a rosette around the seminal portion {h), and have the 
appearance of secondary acini. The variations in the forms of the 
hermaphrodite gland are due to the way in which the separate 
lobules are united together; thus each lobule may have its proper 
duct, and the whole gland look like a greatly-ramified organ (Opis- 
thobranchiata) ; or the acini may open in a row on one side of a duct, 
as in some Pteropoda (Oymbulia, Tiedemannia) ; or they may be 
grouped into racemose or lobate masses of glands, of which there 
may be a number (Phyllirhoe), or they may form a single, more or 
less compact, gland (some Pteropoda, as Pneumodermon, Hyalea j 
most of the Opisthobranchiata and Pulmonata). 

§295, 

The efferent ducts may be arranged in one or other of these 
modes in the hermaphrodite Gastropoda. 

1) There is a common efferent duct for the semen and ova, which 
represents, therefore, a vas deferens and oviduct, and carries both 
sets of products from the hermaphrodite gland to the generative 
orifice. A caecal diverticulum forms the uterus, and also serves for 



Fig. 203. Follicles of the hermaphrodite 
glands of Gastropoda. A Of Helix horten* 
sis. The ova (oa) are developed on the wall of the 
follicle ; and the seminal masses (b) internally. B Of 
Aeolidia. The seminal portion (b) of a follicle is 
beset peripherally by ovarian saccnles (a), e Com- 
mon efferent duct. 
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the reception of tlie ooptilatc^ orsnoi. At the generative orifice^ the 
semen either passes dii^tly into we snbjacent and eversible copnla^ 
tory organ^ or^ when this is some distance from the orifice^ it is 
carried to it by a ciliated groove. This arrangement is found in some 
Opisthobranchiata^ and in all the Thecosomatoos Pteropoda. 

2) The efEerent duct of the hermaphrodite gland is common for a 
short distance only; it then divides^ and each canal goes on its own way 
to the generative orifice. At the point of division it may be connected 
with secondary organs^ or undergo a simpler 
kind of difEerentiation as expressed by modi- 
fications of the calibre of the canals. This 
may also happen to the common tube an- 
teriorly to its bifurcation. In the Opis- 
thobranchiata it is often widened out for 
a considerable distance, and so serves as a 
receptacle for the generative products which 
are about to be passed out. In the Neph- 
ropneusta (Fig. 204) the common efferent 
duct is divided into two portions. The 
upper one (ve) from the hermaphrodite 
gland (z) is simple, while the lower is 
divided into two cavities for some distance ; 
the narrower of these, which accompanies 
the wider one in the form of a half-groove, 
serves as a duct for the sperm, while the 
wider one (u) belongs to the female appa- 
ratus. At its upper end this latter has an 
albuminiparous gland (Ed) attached to it, 
and in the Helicinm is beset with diverti- 
cula, in which the ova obtain their envelope. 

As the other canal is not completely shut 
off from this uterus (u), the separation of 
the ducts is not complete. It is only at 
the termination of the uterus that the vas 
deferens is continued on as an independent 
canal (vd), which passes to the eversible 
penis (p), which here forms a portion of the 
efferent ducts. The more distal portion of 
the canal secretes a substance which unites 
the seminal masses into a seminal rope 
(Spermatophor). The uterus, finally, is continued into a terminal 
portion, which is known as the vagina ; this extends as far 
as the common generative orifice, and may have a number of 
appendages (p^, d) on its sides. In addition to a receptaculum 
seminis (i2s), the Helicinm have a group of larger glandular tubes 
(d), which are connected to a thick- walled tube (p«). This latter 
appendage is eversible, and contains a pointed calcareous concretion 
(spiculum amoris), which appears to be moulded in its internal 
cavity. 



Fig. 20 J). Generative ap- 
paratus of Helix her. 
ten sis. z Hermaphrodite 
gland, ve Hermaphrodite 
duct, u Uterus. Ed Al- 
buminiparous gland, dd Ac- 
oesBorj glands, pc Dart, 
sac. Be Receptaculum 
seminis. vd Seminal duct, 
p Penis, fl Flagelliform 
appendage. 
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In the other hermaphrodite forms the two ducts are, as a rule, 
separated earlier, and the common canal undergoes merely unim- 
pqrtant modifications. The separate canals are modified in various 
ways, the vas deferens is very long in most of the Opisthobranchiata, 
and is consequently arranged in a number of coils. It is frequently 
united with a superiorly attached, and occasionally wider, gland, 
before it reaches the copulatory organ. , The oviduct is not so long, 
and is but seldom much widened out. At the end, however, of the 
female efferent apparatus there are a number of accessory organs. 
The two sets of efferent ducts either open into a common space 
(generative cloaca), which is generally placed on the right side of, 
and towards the anterior region of the body, or the two canals open 
into a shallow depression, or they may open separately from one 
another, and on the surface of the body. 

§ 296. 

The appendages of the generative apparatus may be 
divided into those which belong to the male, and those which belong 
to the female systems. The receptaculum seminis is one of the most 
important of the female organs. It is a rounded or pear-shaped 
vesicle, inserted by a hollow stalk into the vagina, and receives the 
semen at the time of copulation (Fig. 204, Es.) Sometimes there 
are two of these appendages (Pleurobranchus), which maybe placed 
at some distance from the vagina, and on the narrower oviduct 
(Doris). In the Pteropoda and Opisthobranchiata the vagina is pro- 
vided with a wide diverticulum, the glandular walls of which are set 
in folds, and which functions as a uterus. A special glandular organ, 
which resembles in arrangement the albuminiparous gland, opens 
into it. When this organ is absent, the wall of the uterus appears 
to take on its function. Last^, we must mention the copulatory 
pouch of the Pteropoda, which appears to be a diverticulum of the 
vagina, and receives the penis during copulation (Hyalea). 

The male apparatus, also, is provided with organs of this kind, 
which, in their simplest form, are widened parts or cmcal structures 
for the collection of the sperm. That elongation of the vas deferens, 
which we have already mentioned, is physiologically an organ of this 
kind. Similar arrangements are found in both the Gastropoda and 
the Pteropoda. The glandular organs attached to the vas deferens 
are also organs of this series ; they are ordinarily known as prostatic 
glands. 

Lastly, the male apparatus is connected with a copulatory 
organ, which is either the modified and eversible end of the seminal 
duct, which when not in use projects into the ccelom, or it is a special 
organ, which has no direct connection with the vas deferens, and 
which, when not in use, forms a retracted tube. The organ is either 
connected with the generative orifice, as in many Nudibranchs, 
or is separated from it. In the Tectibranchiata (Aplysia, Bulla, 
Bullma, etc.), the penis opens at a great distance from- the common 
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generative orifice; a .ciliated groove conducts the semen, which 
passes out from the generative orifice, to the copulatory organ. 

Among the Pteropoda,Pneumodermon has the penis merely repre- 
sented by a papilla placed within the generative orifice ; while in the 
Thecosomate there is an eversible organ below the opening of the 
vagina. 

§ 297. 

In many hermaphrodite Gastropoda the germ-glands may be 
seen to alternate in function, so that at one time they represent a 
male, and at another a female organ. This fact is an indication of 
that separation of the sexes which is completed in most of the 
Prosobranchiata. 

Notwithstanding the sexes being separate, we find the lowest 
conditions in the Prosobranchiata, for in many the apparatus is merely 
represented by the germ-glands. They repeat, therefore, the same 
characters as those which we met with in the Lamellibranchiata. 
There are no efFerent ducts in Haliotis and Patella. As in many of 
the Lamellibranchiata, the germ-gland appears to pass out its secre- 
tion through the excretory organ. In Pissurella this arrangement 
is still more definite in character, owing to the connection between 
the efferent duct and the excretory organ. 

The generative organs of the two sexes have very much the same 
general characters, so that it is often only possible to distinguish 
them microscopically by the presence of the copulatory organ in 
the male. The male and female germ-glands are, like the herma- 
phrodite glands of many hermaphrodite Gastropoda, hidden in, or 
placed close to, the liver. 

In the female organs an oviduct, which is ordinarily coiled, arises 
from the ovary, and turns towards the hind-gut, where it widens 
out and forms a uterus. A short vagina is given off from this, which 
passes to the generative orifice, which is placed close to the anus. 
Accessory organs are rare in the dioecious Gastropoda. Where they 
are best known they consist of an elongated spermatheca (recepta- 
culum), which opens into the end of the saccular uterus, and which 
has the duct of an albuminiparous gland connected with it (Paludina). 
In the Heteropoda the seminal receptacle only is present, and it is 
either attached to the end of the uterus (Atlanta), or united to the 
vagina in front of this organ (Pterotrachea). 

In the male organs, the duct (vas deferens) is either quite simple 
or is provided, on its way to the penis, with a swelling, which 
functions as a seminal vesicle. The end of the vas deferens opens 
on the surface, and on the right side, of the body. There is no 
copulatory organ in Haliotis, Patella, or Trochus. Where it is present it 
is formed by a process of the dermo-muscular tube, and is a massive 
broad body, which is frequently curved at its tip ; it is placed on the 
right side of the body, or on the head, at the base of the right 
tentacle, or at times (Heteropoda) close to the anus. A ciliated 
semi-canal, which often extends for some distance on the surface of 
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hodjp m attodbiod to this or^ ; it may be directly oontinuoiw 
lijia cibpiilatory organ, and forms a groove which reaches to it 
(Bolinia^ Harpa, Strombus), or it may traverse the penis in the form- 
a (^anal (Bnocinum, Littorina, Paludina). 


§ 298, 

The sexes are quite separate in all the Cephalopoda. The male 
and female organs greatly resemble one another in their general 
mode of arrangement; the most essential point in which is that 
the germ-glands are not directly continuous 
with their efferent ducts. This fact is of 
importance, as it seems to point to the 
use of an organ which primitively did 
not belong to the generative appara- 
tus. In any case, this arrangement is alto- 
gether different to that seen in the germ- 
glands of the Gastropoda and Pteropoda, 
where the secreting portions of the glands 
gradually pass into the efferent ducts (cf. 
supra, § 292). In the Tetrabranchiata the 
efferent ducts are not perfectly continuous. 
The oviduct and sperm-duct both lead into a 
wider cavity, from which these ducts start 
again. 

Of the female organs, the ovary is formed 
by a lobate gland, which is invested by a 
special sac, with which it is connected at one 
point only. The duct (oviduct) is, as a rule, 
single. In the Octopoda and in Loligo sagit- 
tata it is double (Fig. 199, od od), a “ 
points to its having been primitively double ; 
in the rest — as also in Nautilus — this double 
character has disappeared owing to the 
atrophy of one of the oviducts. The oviduct 
is attached to the covering of the ovary, so 
that the ova only reach the duct by passing 
through the space enclosed by this covering. The oviduct ordinarily 
opens at the commencement of the funnel ; it only opens some way 
back in the branchial cavity in those forms in which the male has a 
oopulatory arm ; hectocotylism is the cause therefore of a functional 
adaptation. At one point the oviduct has a pad-like circular invest- 
ment of glands, formed by tubes set radially to the axis of the 
oviduct (Octopo^), In Nautilus, there is a larger number of these 
glands, and they extend almost as far as the opening of the duct. 
Where these glandidar organs are absent their place is taken by a 
secreting apparatus placed close to the opening. 

A pair of so-called ^^nidamental glands are the accessory 
organs of the female apparatus ; they consist of elongated lamellar 
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tubes^ which are placed in the anterior region of the animal ; their 
short efferent ducts open beside the generative orifice. Their 
secretion appears to cement the ova together; and these, inmost 
Cephalopoda, are united into racemose groups. In front of the 
nidamental glands there is a pair of smaller glandular organs, which 
consist of closely-coiled tubes, and have the same function as the 
other set of glands. 

A similar capsule (Fig. 205, c) to that found around the ovary 
encloses the testis (t'); this organ is made up of a number of 
branched cmcal tubes united together. These tubes are likewise 
attached to the wall of the capsule, so that in this case also the 
germinal matters first pass into the capsule, and then into the vas 
deferens, which is continuous with it. This duct is a much-coiled 
and gradually-widening canal (ve), so that it forms a seminal * 
vesicle. Glands are embedded in the walls of its widened portion, 
and in many cases part of the wall is converted into a larger 
glandular organ, so that this part has yet another function. One or 
two other distinct glandular appendages (g) are found in various 
Octopoda. All these glandular differentiations of the wall of the 
vas deferens secrete matter which is mixed with the sperm, and 
which is used to form the special seminal ropes. At the end of the 
glandular portion, or after uniting with these ducts, the seminal 
duct is considerably enlarged, or pushed out on one side (Sepia, 
Loligo) ; this modification may also be converted into a considerable 
appendage {bN) (Octopus). These pouches of Needham serve as 
receptacles for the seminal ropes or spermatophors, which are 
formed in the glandular portion of the seminal duct. The rest of 
the duct is continued, with but little change, into a papilliform pro- 
cess, which is placed on the left side in the mantle-cavity (Pig. 178, 
r/), or it opens to the exterior at the base of such a papilla. We 
have already described the way in which single arms become func- 
tionally connected with the generative apparatus in many Cephalopoda 
(§ 254). 

The formation of spermatophors, which is a comparatively 
rare thing in the Gastropoda and in the other divisions, is the rule 
in all the Cephalopoda, and is in them most complete. As a rule, 
one of these seminal ropes forms a long cylindrical structure, on 
which several envelopes may be distinguished. The contents of the 
tube are only partly seminal, for in each spermatophor there is a , , 
special substance which occupies the hinder portion, and which we 
may call the exploding mass. The sperm is invested in a tubular 
manner by a special coat, and is placed in the anterior division of 
the spermatophor. Behind it is the anterior flattened end of a long 
and spirally-coiled band, which extends through a large portion of 
the spermatophor, and is continuous at its hinder end with the outer 
coats. The substance of this spiral band is the exploding mass. 
When it comes in contact with the water, the spiral band immediately 
begins to elongate, and drives before it, and to the front end of the 
spermatophor, that part which encloses the semen. 


2 c 2 



Eighth Section. 


Tunicata. 

General Review. 

§ 299 . 

In conceding to the division of the Tunicata, formerly by general 
consent reckoned among the Mollusca, the rank of a special phylum 
of the Animal Kingdom, we do no more than assign its legitimate value 
to the very peculiar organisation of these animals. Their pecu- 
liarities separate them not only from all the classes of the Mollusca, 
but also from all the other animal phyla, although it must be ad- 
mitted that they present certain distant aflSnities to some Vermes 
(the Enteropneusti), and that equally close relationships are readily 
to be observed between them and the lowest Vertebrata. We shall 
return to the subject of these relationships in treating of the Verte- 
brata; here it is only necessary to remark that the absence of a 
clearly-marked metamerism of the body forbids the intimate asso- 
ciation of the two groups, although indications of the formation of 
metameres in certein regions of the body may be pointed out in 
some Tunicata. 

In the position of the most important organs and their primitive 
relations we find the most obvious indications of Vertebrate affinity. 
Thus we have the enteron, with its foremost division adapted to the 
functions of a respiratory organ. A movable appendage of the body, 
present in the adult state in only one division, but in others in 
the larval stage, contains an organ of support, which exhibits the 
closest resemblance to the primitive axial skeleton of the Vertebrata. 
A further general characteristic of the group is seen in the hyaline 
body-covering, which often attains a considerable development, and 
is known as the mantle.^' 



TUNICATA. 


369 


The following divisions are recognised ; 
Copelata.* 

(AppendiotilAriffi). 
Oikopleara, FriUUaria. 

<A.COp£tt 

1) AacidiGB. 

Simplioest 

Cynthia, PhaUaaia, Molgula. 
Sociales. 

Olayellina. 

Compositse. 

Amarroecinm, Botryllna. 

2) Lucin. 

PyroBoma. 

3) Cyclomyaria. 

Doliolnm 

4) Thaliadfls. 

Salpa. 
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* These two classes were formerly separated according to whether they had or had 
not a propelling tail, as the names of the classes showed ,* I have retained the nomen- 
clature without giving an importance to this character, which does not belong to it ; 
the larvm of many Acopa have this directive organ. A much greater difference between 
the two divisions is to be found in the characters of their spiracles. In the Copelata 
these open to the exterior. In the Acopa they open into a cavity, which is formed 
from a part of the rudimentary spiracle of the Copelata. This is the most essential 
characteristic. 
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Form of the 

§ 800. 

The form of the body of the Tanioata undergoes in the yarioos 
divisions such remarkable modifications, that the resulting forms 
compared in their extreme conditions of development appear to 
have no relationship whatever to one another. In the Oope&ta, the 
lowest Tunicata at present known, the body exhibits two divisions, 
of which one encloses the most important organs, whilst the other 
has the form of a very wide and long movable appendix — the pro- 
pelling tail. The anterior division of the body contains the intestinal 
tract together with its respiratory portion. The gut opens to the 
exterior by the ventrally-placed anus. Two slits break through the 
body-wall from the respiratory cavity. On the whole a bilateral 
symmetry predominates, and accordingly two antimeres are recog- 
nisable. The tail portion of the body in the Copelata, attached 
ventrally to the fore-portion, projects at an angle from the latter, 
and thus has the appearance of a simple appendage. How the earlier 
stages explain this condition must be described below. 

A form coming near to this condition is possessed by the Iar7a3 
of the Ascidians, in which the tail is simply a prolongation of the 
aboral end of the body, and so far appears to present us with a more 
primitive condition. A similar process is found also in the young of 
Doliolum, whence it may be supposed that all Tunicata have descended 
from a common ancestor provided with such a tail-like region of 
the body. In Doliolum, as the power of swimming becomes associ- 
ated with modifications of the respiratory cavity, the propelling tail 
dwindles. In the Ascidians free locomotion is lost when the pro- 
pelling organ atrophies. The complete animal takes on a fixed 
mode of life. Whilst a greater complication of the structure of the 
organism is acquired the external appearance becomes simplified. 
The tube-like body exhibits two openings, approximated to one 
another. The orifice of entrance corresponds to that of the Copelata. 
The second opening leads into a chamber having the function of a 
cloaca, which has arisen from a development in connection with the 
primitive respiratory slits. This condition of parts holds good also 
for the higher divisions of the Tunicata, amongst which the Cyclo- 
myaria and Thaliada appear as swimming forms, moving themselves 
by the action of the walls of the body. Their body, which is on the 
whole of a cylindrical form, has its incurrent orifice at one pole of the 
long axis, and the orifice leading from the cloaca at the other or 
aboral pole. 

§ 301. 

Complications of the external form of the Tunicata appear in 
connection with the very common process among them of a sexual 
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reproduotion which leads to the prodactibn of Colonies or Stocks. 
Oemmation is the fandaanental process in this phssnomenon. It pre- 
dominates in the Acopa. In many Ajscidia a new indiridnal buds 
from the body of the adcdt ammal, the narmt sending f^th a 
runner (stolo) which is composed of form-memmits belonginp^ both 
to ectoderm and endoderm. From this there is gradually dmcoren- 
tiated an organism identical with the parent animal. In this way 
colonies of Ascidians (Ascidim sociales) are produced. In others this 
proceeding appears with its successive steps compressed at a very 
early period of life, and accordingly there buds forth from the 
embryonic body of one Ascidian a second (Didemnum). Thus we 
get two persons closely united to one another. From this case, it is 
easy to derive those conditions in which the sessile young individual 
gives rise by budding to a number of persons (Botryllus). In these 
several generations, all produced by budding, follow one another. 
From the first a bud grows out, which, like Didemnum, gives rise by 
budding to two persons, and from these in like manner four arise. 
When the mother-animal dies down, the eight budlings are left in 
communication with one another by means of the cloaca, and form a 
rosette-shaped group. Such and similar processes give rise to the 
colonies which we find among the Ascidiae compositee. The com- 
bination of the scattered groups takes place through the agency of 
a tissue belonging to the integument which in those persons which 
live isolated lives is known as the mantle (outer mantle). 

By means of a peculiar method of grouping, the persons of the 
Luciae form cylindrical colonies. The wall of the hollow cylinder is 
formed by the ascidian-like persons and their common investment. 
On the outer surface of the cylinder are found the entrance- 
orifices ; opposite to them, and opening into the internal cavity, are 
the excurrent orifices. The multiplication of the persons of the 
colony is carried on by budding. The formation of new colonies is 
provided for by the sexual reproduction. From the egg arises an 
embryo, from which at once four persons bud forth. They remain 
invested by the mantle of the first, and constitute as soon as they are 
bom a new colony. 

Since the persons which develop from an egg never in the com- 
pound Ascidians acquire sexual organs, and since these organs on 
the contrary appear in those persons which arise by gemmation, we 
have here an example of the phenomenon known as Alternation of 
Grenerations. 

What is performed in the Ascidi® by means of offshoots starting 
from the surface of the body, is carried out in the Cyclomyaria and 
Thaliade by a special organ — the germ-stock or stolo prolifer. It 
exists also in the Lucie, but has there a more limited functional 
activity. In the Cyclomyaria it appears as a process springing 
usually from the dorsal surface of the body in the neighbourhood of 
the excurrent orifice ; in the Salp® and in the Pyrosome it has a 
ventral origin, and agrees with the condition found in Cyclomyaria 
only at the first, for, instead of budding out externally, it takes up a 
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i!M6S, wi&in a cavity generally in the 
l^iilie^^^leeti&e. In its relation to the formation of 
cl the Salpm also behaves differently from that of 
In the latteir, bnd-generations spront from the stolon; 
they are arranged in rows, are o^n dimorphic, and remain attached 
to the stolon by short processes* In the Salpm similar buds arise by 
ontmwth from the stolon, but each bud encloses within its base half 
of me whole area of the stolon ; so that when two rows of such buds 
ere formed the material of the stolon itself is transferred to the body 
of the bnds. The maturity of the chain-like connected series of 
young secondary buds (into which the primary bud divides) results, 
in consequence of this disposition, in a separation (Fig. 206, n) from 
the parent of the portion of the stolon concerned in its production* 



Fig. 206. Asexual form of Salpa Fig. 207. Sexual form of Salpa pinnata 
pinnata (solitary form), n Em. (chain form), t Connecting bar. a Inourrent 
bryO'Cbain escaping to the ex- orifice, h Excurrent orifice. c Ganglion. 

tenor. d Gills. / Heart, h Ventral groove, r Hepatic 

pouch. vVni Embryo with embryonic organs 
(both figures after C. Vogt). 


This arrangement brings about an alternation of generations,^^ 
seeing that the forms provided with a stolon are always permanently 
devoid of sexual organs. On comparing this series of phsenomena 
with that occurring in the Ascidies, we find, just as in the Ascidise, 
proliferous outgrowths, namely, the stolons. The outgrowth in 
question is here confined to a definite part of the body. In Pyro- 
Boma a proliferous stolon is present, sunk in the mantle, and from 
every such stolon only a single bud is developed ; side by side with 
this are developed sexual organs. Accordingly it is not possible to 
suggest that the stolon bdongs to the sexual apparatus. In the 
SaLpas and in Doliolum, contraiy to what we find in Pyrosoma, the 
proliferous stolons give rise to copious generations of buds. In this 
case, however, the absence of a sexual apparatus is the accompani- 


mfmvumr of ^ 

ment oi thendbM gemotat^iij and we must r^rd tlie eexoal eppe*^' 
ratus as liaTmg beea Thisatropby olth^ 

is re^rable to ^ incmsed l^^MBodoetoto aetority cl Ibe atoloiu 
In the^ Salpas the progeny at tiie aeadess generatim are mm- 
riably sexually completoi and so we hare an example of pore 
alternatk) generationis/^ whilst in Doliolnm the asexual reproduce 
tion is only played out after a numerous series of stolon-bearing 
generations hare succeeded one another. In this manner the condi- 
tion of the Cyclomyaria approaches more closely to that of the 
original Ascidian-gemmation^ and this both in the external position 
of the stolon and in the mode of connection of the buds with the 
stolon. The internal stolon of the Salpm, on the contrary, is widely 
separated from the primitive arrangement, not only by its position, 
but also by the assumption of the material of the stolon by the buds. 


Integument. 

§ 302 . 

The investment of the body of the Tunicata consists in its 
primitive condition of a cell-layer formed from the ectoderm. It 
persists in this condition in the Copelata, in which it appears to 
represent, at any rate to a large extent, the body- wall. The flattened 
cells here form but a single layer. This simple arrangement gives 
place, in the higher division, to a complication; the primitive 
arrangement only occurring in a transient form in the earlier stages 
of development. 

A layer of material secreted from the cells of the ectoderm forms 
a covering enclosing the body, and known as the mantle.^^ This 
condition is not altogether a new one, for in many Copelata a fore- 
runner of the mantle is to be found. In them the cells in the 
neighbourhood of the incurrent orifice attain considerable dimensions, 
and secrete a slimy but consistent substance, which forms in largo 
quantities, and gi’adually enclosing the body more or less completely, 
assumes the appearance of a basin-like structure of relatively largo 
dimensions. It was described by earlier naturalists as the ^^house,^^ 
and functions as a protective organ for the body (Oikopleura). 

The secretory activity, which is here confined to a. particular 
region of the body-surface, is spread in the other Tunicata over the 
whole superficies. Its products constitute the outer mantle, 
which in its essential character belongs to the category of cuti- 
cular structures. In consequence of the migration into it of form- 
elements from the ectoderm, the resulting tissue assumes the 
characters of the connective substances. The primarily homo- 
geneous layer becomes converted into an intercellular substance. 
The cells scattered in it present a great variety of characters. Often 
the mantle thus formed attains a preponderancy over all other 
organs, and serves, in consequence of its rigidity, as a supporting 
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fcHP Ae eMlosed parts. The consistency of this covering varies 
from the softness of jelly to the hardness of cartilage. It is 
generally of glass-like transparency^ and in the Ascidians often 
variously coloured. Complications of the structure of the mantle 
are brought about in many Ascidians (Phallusia) by the penetration 
into it of great numbers of blood-vessels. Very remarkable is the 
development of the mantle into two valves, movable on one another 
like the shells of the Lamellibranchiata, and which are able to open 
and shut as do the latter (Chevreulius). In the colony-forming 
kinds, this mantle-layer is common to all the persons, enclosing 
them together. 

The formation of this mantle leads to a suppression of the 
differentiation of all other tegumentary organs; we have never- 
theless to notice in the Oopelata the formation of numerous other 
organs of this category — ^unicellular glands, hair-like processes, etc. 

A mass of cells is also developed from the ectoderm in the 
Pyrosoma 0 , and occupies a position in the neighbourhood of the in- 
current orifice ; it is the paired luminiferous organ of these animals. 

Hertwig, O., ITeber den Ban nnd die Entwickelnng des Tunicatenmantels. 

Jenaisclie Zeitschr. Bd. VII. 


Skeleton* 

§ 303. 

In most Tunicata, the mantle, in virtue of its rigidity, functions 
as the supporting organ of the otherwise soft body. Besides this 
we meet with a peculiar organ of the greatest morphological import- 
ance. In the tail-like propeller of the Appendicularise there exists 
an axial organ which extends forward as far as the fore-body. It is 
made up of cells, which secrete a fairly resistent chord consisting of 
homogeneous substance enclosed in a continuous sheath, the remains 
of the cells being found at a later period still resting upon the chord. 
This chord acts by means of its elasticity, bringing the propelling- 
tail back to its previous position after it has been bent by the con- 
traction of its muscles. Such an axial organ (Pig. 208, ch) is retained 
by all those Tunicata-larvse which possess a mobile propelling tail, 
both Ascidians and Cyclomyaria, It disappears with the tail. Its 
relations of position show it to be homologous with the chorda 
dorsalis of the Vertebrata, and we may therefore designate this 
structure also as chorda. 


Muscular System. 

§ 304. 

The disposition of the musculature presents very different 
features in the various Tunicata. ^e Oopelata, *for instance, 
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possess a complete muscular layer with longitudinal fibres, on the 
propulsory tail only. It can be divided into a dorsal and a ventral 
band of varying breadth, covering' in the chorda from above and 
below. Muscles are entirely absent from the anterior division of the 
body which contains the viscera. 

In the Ascidians the musculature forms a sac lying beneath the 
ectoderm, and is separable in Cynthia into several layers according 
to the course of the fibres. In others the muscular layer is feebler, 
composed of intercrossing bands (A. compositas). The Pyrosomae 
have no muscles excepting around the excurrent and incurrent 
orifices of the body. The musculature of the Cyclomyaria is broken 
up into isolated annular bands; and in the Salpaa also it forms hoops, 
which are, however, here and there joined to one another. This 
hoop-like formation arises from the differentiation of a primitively 
continuous muscular layer. Gaps arising in this become gradually 
larger until the breaking up of the layer into separate hoops is 
brought about. At the incurrent and excurrent opening of the 
Ascidians the musculature has also an annular disposition and has 
the characters of a sphincter. 

The form-elements of the musculature are transversely striated. 


Nervous System. 

§ 305. 

The central apparatus of this system occupies a dorsal position 
in all Tunicata, and proceeds from a differentiation of the ectoderm, 
as has been ascertained from the study of the development of 
Ascidao and of Salpm. In the general relations of the parts there are 



Fig. 208. Aecidiau embryo with only a part of the tail C. N Nerve-centre, forming 
a cavity in front N\ produced behind into a nerve-oord n. 0 Eye. a Auditory organ. 
K Embryonic foundation of the respiratory chamber, d Ditto of the digeetive amal. 
0 Ditto of the mouth, ch Chorda (after Enpffer). 

agreements with what we find in the lower Worms. The in-sinking 
of the ectoderm forms a tube which remains open for a time, and 
then becomes pinched off from the surface-layer and extends itself 
in Ascidian larvm (Molgula) as a chord reaching throughout the length 
of the tail (Fig. 208, n). A central canal perforates the chord, and 
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oaai be traced into the anterior larger mass (N). A division of this 
anterior mass into three consecutive lobes, produced by an unequal 
thickening of the wall of the tube, the foremost of which is in 
Ascidiss and Salpae in close connection with the origin of the visual 
cn?gan, is also to be made out in the Oopelata, in which the funda- 
ment^ structure sketched out in the Ascidian larvss undergoes a 
further and permanent complication. In them we find the nervous 
system made up of an anterior elongated ganglion (Fi^. 209, n) 
whirii exhibits three dilatations (App. flagellum), and passmg back- 
wards in the form of a chord {n') to the base of the tail, is continued 
idong that organ to its exti^me point. At the root of the tail a 
gai^ionic sweUing is formed on the chord, and two others follow 
alter this (A. furcata). The first appears to be the more con- 
stant. This apparatus, in its rudimentary condition a 
continuous one, as appears from the Ascidians^ tadpole, must 
be regarded as the central-organ of the nervous system. 
It is noteworthy that in the Copelata, too, it encloses a canal 
which extends from the foremost ganglion to the ganglion at 
the root of the tail. The central elementary parts (the nerve- 
cells) are not, however, equally distributed, but form the 
ganglia only, to which the rest of the chord serves as commissure. 
The continuation of the nerve-chord in the tail lies to the left of the 
chorda, if we consider the two surfaces of the tail (as its relation 
to the rest of the body requires), as dorsal and ventral respectively. 
This asymmetry is in the Ascidian larvse either developed late or not 
at all, so that as the primitive condition we are justified in assuming 
a median dorsal nerve-chord. The form of the nerve-centre 
thus determined is one which is in the highest degree noteworthy, 
since it is not presented in any other division of invertebrate animals, 
in all of which the prolongation of the central organ takes place in 
a ventral position. 

Peripheral nerves pass out from the anterior ganglion, branching 
laterally around the incurrent orifice of the branchial chamber. 
Others pass backwards to the spiracula. In the tail, nerves pass 
out from the ganglia, as too in the Ascidian larvre there are nerve- 
branches on the caudal portion of the nerve-centre ; terminally the 
chord gradually breaks up into a number of branches. 

§ 306. 

The atrophy of the tail, or its complete absence, brings about in 
connection with the further elaboration of the fore-end of the body 
by the development of the branchial slits, a considerable change in 
the nervous centre. In the Ascidians the caudal division of the 
nerve-centre disappears, and in I^osoma and Salpa the embiyonic 
foundation of the organ is limited to the anterior portion which is 
accordingly more voluminous in proportion. The three vesicular 
divisions which still appear as embryonic rudiments in the Salpas 
give place to a single ganglion-mass. The Ascidians have this 
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body located between the incurrent and the excnrrent orifices 
(Fig. 210, n), and it occupies the same position indicating the dorsal 
region in all Acopa. Whilst in Ascidians the peripheral nerves are 
given off more abundantly from the fore and hinder divisions of the 
often elongated ^nglion, we find in the Cyclomyaria and Pyrosoma 
nerve-branches given off laterally also, and in the Salpae the ganglion 
gives off numerous nerves all around in a radial manner. 

The arrangement of the whole apparatus is very widely different 
from that of the higher Worms, Artbropods and Mohum, and it is 
only among the Vertebrate thi^ a comparable condition is to be 
found. To this subject we shall have to return hereafter. 


Organs of Sense^ 

§ 307 . 

As sensory apparatuses of an indifferent nature, possibly serving 
a tactile function, certain cells are described in the integument of 
many Tunicata (Salpa), and appear to be nerve-endings. From such 
cells filamentous processes stretch towards the surface, as for instance 
in the denticulations of the incurrent orifice in Doliolum, and in the 
margin of the same orifice in Salpm. The processes found in many 
Ascidians around both orifices of the body are no doubt provided 
with similar organs. 

A more differentiated organ of sense is the so-called ciliated 
groove, which is formed on that surface of the ganglion which is 
turned towards the branchial chamber (Salpae and Pyrosoma), and in all 
Tunicata, even when it takes up a position in front of the ganglion, 
retains a connection with the nerve-centre, which it gains at a very 
early period of development. By the upgrowth of the margin of 
this groove turned towards the branchial chamber, a variety of 
forms, some stalked, are brought into existence, whilst dilatations of 
the groove give rise to modifications of another kind. The signifi- 
cation of this organ, clothed as it is with flagellate cells, must be 
that of an Olfactory organ, or at any rate of an organ, the 
function of which is to test the quality of the water coming into the 
branchial chamber. 

With more certainty can Visual organs be distinguished. They 
have been observed in the larv 80 of Ascidians as well as in 
Pyrosoma and Salpea. They take their origin in the anterior 
vesicular enlargement of the central nervous system (Pig. 208, N‘), 
and in fact, on the dorsal portion of the wall of this vesicle. A dark 
mass of pigment sunk in the wall carries on its surface a hemis- 
pherical refractive body, over which a second is stretched. In the 
neighbourhood of the pigment-mass, the cells are radially directed 
towards it, and accordingly represent a division of the central 
nervous system belonging to the eye. Probably processes of these 
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radial cells are sunk in the mass of pigment directed against the 
light-breaking body perched upon it. In Pyrosoma the visual 
organ appears as a division of the ganglion, a pigment-clothed 
outgrowth. On one spot of this, free from pigment, is placed a 
multi-lamellar refractive apparatus. 

Although also sessile on the ganglion, the eye of the Salpss 
seems to be more conspicuously elevated, and at the same time 
divided into several portions. Whether we have here the same type 
as in the Ascidian larvas is not yet ascertained. 

Auditory organs are known in the Copelata, Cyclomyaria, 
and many Ascidian larvas. In the first named, a vesicle furnished 
with an otolith is aflSxed to the left side of the anterior ganglion, 
and has on its inner wall fine hairs which appear to hold the otolith. 
Also on the left side, but at a greater distance from the ganglion, is 
a similar vesicle to be found in one generation of the Cyclomyaria. 
A nerve passes from the ganglion to the vesicle. In the Ascidian 
larvae there is also in the same chamber of the ganglion which 
surrounds the rudimentary eye an otolith, which is supported by 
fine hairs (Fig. 208, a), 

M. UssoFP, Beitr. z. Kenntniss der Organisation der Mantelthiere. Bericht der 
K. Ges. der Freunde der Naturforschung. Moskan, 1876 (Russ.). 


Alimentaiy Canal. 

§ 308. 

This system of organs forms the part of the body which is the 
most peculiar in the Tunicate phylum, and enables one to draw a 
sharp line between that phylum and most of the other divisions of 
the Animal Kingdom. Its peculiarity consists in the elaboration of 
the anterior portion of the gut into a respiratory organ, similar to 
that which we saw among the Worms in the Enteropneusti. The 
water taken in not only brings nutrient matters, but serves also 
for respiration, finding its exit through special openings (spiracula) 
which are cut in the wall of this division of the gut. Aa a con- 
sequence, peculiar arrangements are brought into existence which 
have the function of directing the food particles entering the 
respiratory chamber to the commencement of the proper alimentary 
canal. The embryonic foundation of the entire gilt proceeds from 
the entoderm, which, however, only corresponds to the rudiment of 
the respiratory portion to begin with, and from this, as a secondary 
process, the proper digestive tract buds forth. We shall therefore 
treat these two divisions of the primitively uniform alimentary canal 
separately from one another ; the more so since considerable modi- 
fications which the respiratory chamber undergoes, bring about in 
their turn modifications^ of the form of the body. 
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Eespiratory Chamber (Branchial Sac). 

§ 309. 

The simplest condition — ^that found in the Copelata — must serve 
as the starting-point. The incurrent orifice (Fig. 209, o) homolo- 
gous with a mouth, occupies the foremost region of the body, and 
leads into a rapidly widening space, triangular in section (fc). The 
broad ventral surface is posteriorly somewhat expanded so that it 
forms two lateral cornua. These gradually narrow each into a 
tube-like continuation which breaks through the body-wall on the 
ventral surface (k) and forms a branchial aperture (spiraculum). 
The dorsal continuation of the respiratory chamber is continued 



Fi^. 209, An Appendioularia seen lafcemlly. n Nerve-centre, n' Nerve-chord. 
ot Otocyst. 0 Inonrrent orifice, h Eespiratory chamber, e Ventral groove, f Ciliate 
tract, i Digestive canal, a Anus, fc' Spiracle, t Testis, ov Ovary, c Boot of the 

tail (after H. Fol), 

without any sharp line of demarcation into the beginning of the 
proper digestive canal (i). 

The two branchial apertures serving for the ejection of the water 
are cylindrical tubes, each of which takes its origin as an outgrowth 
of the wall of the respiratory chamber, into which an insinking of 
the outer body- wall pushes its way. The tube is beset with a ring 
of ciliated cells, which excite a streaming of the water directed at 
will now from the mouth through the respiratory chamber and the 
spiracula to the exterior, now in the reverse direction from without 
through the spiracula into the branchial pharynx towards the mouth. 
Mouth and spiraculum act here both as incurrent and excurrent 
orifices for the water. 

On the ventral surface of the respiratory chamber is found a 
deep groove, the ventral groove (e), open by small slits to the 
respiratory chamber. In front two bands of cilia (/) atretch from 
this groove towards the dorsal surface, embracing the entrance to 
the respiratory chamber. These structures are all connected with 
the takmg in of food. 
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§ 810. 

The radiment of the branchial chamber or branchial-gut gives 
in the Acopa to very highly elaborated differentiations which 
are in harmony with the condition presented by the Copelata. In 
tlto latter^ two ont^wing sacs are formed wmoh are not placed 
in communication with the exterior^ until eai& is met by an ingrowth 
of the ectoderm; and so^ tooj in the AscidianSj two lateral sacs arise 
by a pinching off of the branchial gut. They communicate for a 
time with" this their point of origin, but subsequently separate from 
it, and grow up around the walls of this part of the gut dorsally, 
until they meet and unite with one another. As a result we have a 
cavity formed around the branchial chamber by the lumen of these 
unitM sacs, the peiibranchial space (perithoracic chamber of authors). 
An insinking of the surface of the body approaches the point of 
union of the two halves of the peribranchial space, and forms, when 
it has finally broken through, a communication to the exterior, the 
excurrent oi^ce. On the ventral face the separation of the two 
spaces persists. During the concrescence of the two sacs which 
grow up round the branchial chamber, and of the superficial in- 
sinking, the anal aperture is gradually brought into the area of this 
space. This region then constitutes the cloaca (Fig. 210, cl). In the 

walls of the branchial chamber there now 
arise clefts leading into the peribranchial 
space ; in fact, branchial slits, which con- 
sequently have quite a different importance 
from that of* the two primary spiracula. 

Gradually, the entire wall of the respi- 
ratory chamber breaks up into a lattice- 
work, the fine slits of which, arranged in 
rows, are beset with cilia. In the rods of 
the lattice-work blood-channels are exca- 
vated. Water passes through the slits into 
the peribranchial spaces formed by the out- 
growth of the above-mentioned sacs, whence 
it is conducted to the cloaca, and thence to 
the common excurrent aperture. 

In the compound Ascidians the excur- 
rent apertures of a number of individuals 
are united to form a common cavity, so that 
each group of individuals possesses a single 
excurrent aperture placed in the centre and 
surrounded by a number of incurrent ap^- 
tures. The entrance into the respiratory 
chamber is, particulariy in the Ascidians, surrounded by tentacular 
organs, which are partly in the form of external processes, partly 
placed at a distance from the orifice, and are pointed towards it. 
The lattice-work of the gills affords an endless var^ty in the 
arrangement of its component rods, and in thefeifm an3 humber of 



Fig. 210. Diagram of an 
Ascidian. o Inonrrent ori- 
fice. i Bespiratory chamber, 
c Ventral groove, n Gan- 
glion. d Digestive canal. 
cl Cloaca. g Generative 
gland. 
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its rows of sKts ; as well as outgrowths of diverse kiuds, which 
are sometimes ridge-like^ sometimes papilliform^ and give rise to 
numerous complications by the formation of anastomosing processes. 
The most remarkable are the tongue-like appendages ('^languets^^) 
found in Ascidians and in Pyrosoma^ whi(m form a long row along 
the dorsal sur&ce. Opposite to them lies the vential groove,^^ 
already mentioned above* 

The branchial chamber of the Ascidians appears^ frotn ipfhat has 
just been stated^ to be^ in respect of the stnicture of its waBs, a 
very dffierent organ firom that of the AppendiculariaBj and must 
have been formed only after a long series of modifications. 

The same is essentially true for the other Acopa. The PyrosomaBj 
in other respects very closely allied to the Ascidians^ present an 
aboral position of the cloacal opening in conjunction with th^wrange- 
ment of the several persons forming a colony around the walls of 
a hollow cylinder. The persons arranged in the wall of such a 
cylinder are placed with their incurrent orifices on the outer surface, 
whilst the cloacm open into the cavity of the cylinder, the orifice of 
which serves as the common outlet of all the cloacm. 

- In the Oyclomyaria the body, which in its mature form is tub- 
shaped, has a wide internal cavity. The gill, which traverses this cavity 
obliquely, and is formed by a membrane perforated by a pair of clefts, 
divides the internal cavity into an anterior and a posterior division. 
The anterior is the branchial chamber, into which the incurrent 
orifice leads ; the posterior space, into which the mass of the viscera, 
covered by the body-wall, protrudes, is the cloaca, and corresponds 
to the chamber formed by concrescence around the primitive branchial 
chamber in the Ascidians. The Salpae have a similar disposition of 
parts. The gill is, however, in them more completely detached from 
the wall of the respiratory chamber, and forms a rafter stretching 
obliquely from the dorsal wall of the respiratory chamber in front, 
to the ventral wall behind, on each side of which the respiratory 
chamber is widely open to the hinder space representing the cloaca. 
The excurrent orifice proceeding from this has a more dorsal position, 
and is not unfrequently drawn out into a tube-like form (Fig. 212, b). 
In consequence of the reduction, in this case, of the ^lls to the 
rafter-like septum, there is no formation of actual gill-slits, and the 
water taken into the branchial chamber streams laterally on each 
side of the median branchial septum into the cloacal chamber. 

The taking of water into, and its ejection from, the body, has in 
both Oyclomyaria and Thaliadas a close Connection with locomotion. 
This function is here in fact connected with respiration, and the 
portion of the incurrent and excurrent apertures are consequently 
of itnportanqe. 

The water taken in in front is, after it has passed the respiratory 
chamber, driven on towards the aborally-placed excurrent aperture by 
the action of the muscular rings of the body- wall, and the stream thus 
expelled works as a vis a ter go, and moves the body forwards by 
jerks. ^ 

2 D 
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.. '.‘ A ^iwameaoa worthy of the greatest attention aj^pears in the 
diiqpOBition of the hrandnal slits, and is m the Salpss 
4i|iiii0rtted hy the peenliarities of their organisation. This 
-disposition of the slits in thA manner of metameric 
s^ketares. Xa^Doliolamthey loan two rows of traasrerse cleftii, 
Sind in Pyrosoma and Ascidians th^ transrerse srranjTOment is also 
p^rc^tiblAi idthongh in the latter several or many uits oocnr in a 
oroiBB series. Although this disp^tion is exhibited merely in a part 
of the gat, yet we are able to recognise in it a condition which 
sappmts the interpretation of it as an instance of metamerism. 
Metamerism exhibits itself here in fact without the participation of 
the entire organism, and it is not difficult to understand how, under 
certain conditions, other parts of the body might take part in it. 

§ 311. 

The close relationship among themselves of all divisions of the 
Tunicata'is further exhibited in the existence of peculiar organs 
belonging to the respiratory chamber which are coimected with the 
nutritive functions of the animal. These organs are the ventral 
groove and the ciliated tracts. The ventral groove (hypo- 
brandiial groove) (Fig. 211, Bn), also called Endostyle, is a groove 
lying in the ventral median line of the branchial chamber’s wall, 
possessing up-standing margins (*) (ventral folds), and terminating 

B 


Fig. 211, Diagram to exhibit the relations of the respiratory chamber to the ventral 
groove. in Balanoglossns. B in Tnnioata. r Bespiratory chamber, n Ventral 

groove. • Ventral folds. 

at its anterior as well as at its posterior extremity in a blind 
dilatation. 

The sides of the groove, which is at first in the Salpss very broad, 
but later becomes narrow as in the other Tunicata, do Jiot sink 
equally below the surface in all parts, but form in various rejgio^ a 
variety of prominences which may be described as longitudinal 
ridges parallel with the' groove. Between these are more ^ less 
deeply-cut fissures, so that the contour of the groove m erpss-JIction 
is described by a much contorted line. The epithelium of the 
respiratory chamber exhibits even a|;the fifee ed^e of the groove 
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remarkable modifications. The cells form up-standing longitudinal 
ridges. At the bottom of the groove, between the two most deeply 
embedded xddges^ there are cells provided with bng yibratile Aments 
which may even project igato the respiratory cavity. The Oopelata 
possesses the simplest arra^^gexfient ox this organ. In many there is 
only a single tjeHular ridge. Two are rec^^ in DoUdum. Three 
occur together, with other complications, in the Ascidise and Sdpm. 
The margins of the groove as a vule lie in close apposition, so that 
the CToove is closed except at one part near its foremost ea^mity. 
At this spot commence the ciliate 4racts which embra<!ie the 
entrance to the respiratory chamber. They are clefts beset with cilia- 
bearing cells which take a dorsal course and lead either to the 
oesophagus (Oopelata) or to the neighbourhood of the great ganglion, 
taking a spiral turn on the way (Doliolum), or end in a ciBated 
groove (Salpee). A similar division of the foremost section of the 
intestind tract was noted in the Bnteropneusti (Fig. 211, A). Two 
longitudinal folds (*) separate this region into a respiratoiy (r) and 
an alimentary (n) portion. The latter seems to be strictly comparable 
with the ventral groove of the Tunicata, which in its early stage of 
development is also of very considerable dimensions relatively. 

The function of the ventral groove is that of a glan- 
dular organ. The cellular ridges secrete a slimy substance which 
is carried forwards to the open part of the ventral groove by the 
cilia placed along its floor, and from thence is further moved along 
the ciliate tracts. At the same time the mucous masses project into 
the lumen of the respiratory chamber, arrest the nutrient particles 
taken in with the water, and become formed with these particles 
into a string which passes into the oesophagus. Since too the free 
margins of the ventral groove ai*e beset with cilia, and a ciliate tract 
can be traced as far as the oesophagus, the mucus also which passes 
out of the slit of the groove is caught up by the cilia, and directed, 
together with the nutrient particles sticking to it, towards the 
oesophagus. Briefly, the ventral groove secretes mucus, which is 
destined to catch the nutrient matters suspended in the water, and 
to be carried with them by the ciliate tracts to the oesophagus. The 
entire arrangement has therefore a nutrient signification. 

Fol, H., Ueber die Schleimdruee, etc. der Tunioaten. Morph. Jahrbi 1. p. 223, 


Digestive portion of the Enteron. 

§ 812. 

At the bottom of the foremost section of the entire enteron or 
tract|^ intestinalis, namely, of that section which is modified as a 
respStory chamber, commences the tract which serves exclusively the 
functions of nutrition. As a rule several divisions of it may be dis- 
tinguished by difEerenq^ in itB breadth. An anterior, narrow section 
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forms an oesopliagiis^ which has a funnel-like commencement in the 
Oopelata. A second, generally wider, section may be regarded as 
stomach, and corresponds to a mid-gut. In Ascidians it is broken up 
into numerous smaller chambers by a number of folds and sagittate 
up-growths of the wall; in Oopelata it has a caacal appendage. Caacal 
structures are also found on the stomachs of many Salpaa. The 
section thus constituted is usually of considerable length in the 
Ascidians, and returns on itself in the form of a loop, from one arm 
of which the hind-gut proceeds. These two sections of the canal 
are quite short in the Oopelata and also in the Oyclomyaria, where, 
as in the Ascidians, they are but little differentiated from one another. 
In many Ascidians, the single or double loop of the alimentary 
canal has a position at the side of the respiratory chamber in the 
outgrowth of the body-cavity which there surrounds the respiratory 
sac ; others have the digestive tract confined entirely to the region 
behind the respiratory chamber, the various forms of which appear 
to determine this relation. 

The Salpse have their digestive tract, together with its appen- 
dages, compacted into a mass (the nucleus). 

As accessory organs of the digestive tube we have, besides 
the outgrowths already mentioned, other glandular tubes in all the 
higher divisions. These tubes open into the section of the canal 
which serves as stomach. There can be no doubt that they furnish 
a secretion adapted to the purposes of digestion. In form and 
arrangement they exhibit many variations. Sometimes they form 
net-like anastomoses. 

Chandelon, Th., Reob. sur une annexe du tube dig. des Tunioiers, Bull, Acad. 

Belg. XXXIX. 


Vascular System. 

§ 313 . 

In the arrangements of their circulatory organs, the two great 
divisions of the Tunicata differ from one another. In the Oopelata 
a heart only is known, and that is absent from one genus. It con- 
sists of a short sac with its ends attached to two cells, whilst its 
delicate walls present two longitudinal slits placed on opposite sides 
to one another. The circulation of the blood is provided for by 
the pulsations of this pouch; in fact, without the existence of 
vessels, a distinct direction is given to the movement of the blood 
in the body-cavity which can be recognised. In the Acopa a vas- 
cular system in connection with the heart is present, which in certain 
parts has a lacunar character. It appears then that a portion of 
the primitive body-cavity is adapted to the purposes of a blood- 
carrying system. 

In the Ascidians the elongated heart lies in the neighbourhood 
of the digestive organs, and bending inwards at each end gives rise 
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to a vessel. One of these two vessels taking a ventral course breaks 
up into a net-work which is distributed over the branchial lattice- 
work, whilst the other passes to the intestine and to the generative 
organs and branches out upon them. The same main-vessel sends 
also a branch to the mantle and twigs to the wall of the coelom 
(body-cavity). The blood distributed in this set of vessels is col- 
lected again into a longitudinal trunk lying on the dorsal side of 
the branchial sac, which also receives vessels from the intestine and 
from the generative organs. Whether these dispositions which have 
been observed in the solitary Ascidians have a more general distri- 
bution is not yet ascertained. 

In the SalpsD the short, thin- walled heart (Fig. 212, c), generally 
having the form of a tube, constricted at intervals, is in connection 
with a large vascular canal (v), which runs along the ventral surface, 
and also at the opposite end the heart is directly continuous with a 
large vessel ; the latter, in those forms which possess a so-called 
nucleus (vi), breaks up at once 
into a reticular system, which 
is distributed in this body, and 
represents the intestinal ves- 
sels of the Ascidians. In other 
Salpas (those without nucleus) 
it appears to divide into many 
branches, which run towards 
the dorsal surface and end in 
a longitudinal canal. This 
dorsal vessel {v ') is placed in 
communication with the ven- 
tral stem by a number of trans- 
verse canals (r), which freely 
anastomose with one another. 

There exists a further direct 
communication between the anterior portion of the dorsal vessel and 
the hinder vessel proceeding from the heart, through a number of 
vessels which run through the gills and break up there. 

The most important peculiarity of the vascular system of the 
Tunicata is assuredly the existence of the two longitudinal stems 
which pass along the branchial sac, and which farther on meet on 
the intestine. 

Let us suppose, starting from the Ascidians, the intestine to be 
continued in the direction of the long axis of its anterior division, 
the branchial sac, so that the anus came to be placed at the aboral 
pole of the body, then we should find the arrangement of the 
vascular apparatus to be similar to that of many Worms, even in 
respect of the detail that the branches of both longitudinal trunks 
are divisible into visceral (to the branchial sac and intestine) and 
parietal series (to the body- wall). 

The heart belongs to the ventral longitudinal stem. 
It is in fact a differentiated portion of that stem. In this 
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Fig. 212. Circulatory system of Sal pa 
maxima, a Incurrent orifice. & Excurrent 
orifice, hr Branchial septum, h/ Attach- 
ment of the gills, vi Visceral mass (nu- 
cleus). c Heart, v Ventral vascular stem, 
v' Dorsal vascular stem, v" Communicating 
transverse stems. (The finer ramifications of 
the vessels are not represented.) (After 
Milno-Edwards.) 
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fact we have a special divergence from the arrangement obtaining 
in all other invertebrate animals, for in them the central organ of 
the circulation is invariably a specialisation of a part of the dorsal 
vascular stem. Nevertheless there can be no mistake about the 
connection with that of the Worms in the disposition of the whole 
apparatus. 

Peculiar to all Tunicates is the alternating direction of the 
blood-stream set in motion by the heart. In consequence 
of this change of direction, it is not possible in them to speak of an 
arterial and a venous division of the vascular system. When the 
heart has completed a certain number of pulsations in one direction, 
suddenly a moment of quiescence occurs, and 
then the peristaltic movements of the cardiac 
•j'.A tube-begin again, but in the opposite direction. 

teiSSn This condition of indifference is a further obstacle 
to the close assimilation of the vascular system 
of the Tunicata to that of any one of the other 
'yV great divisions ; at the same time, it calls to mind 
i H ^ similar phsenomenon of the reversal of the blood- 

(1 vi) ^ stream in the Gephyraea (Phoronis). 

v</ Organs of excretion have as yet been 
^ ) recognised in the Tunicata to a limited extent. 

I In many Ascidians (Molgula, A. conchilega, com- 
planata) a tubular organ is found in the neigh- 
bourhood of the branchial chamber, or placed 
/ 1^- ' farther back in the body, which exhibits, besides 
^ other cells, some containing concretions. In one 
species the murexide reaction has been obtained. 
t' No openings have been discovered in the organ. 

Ivy// arrangement appears to represent 

\Vy I ^ that condition in which excretionary matters are 

separated in the organism, and form concretions 
^ • which are not removed to the exterior. 


Fig. 213. Organisa- 
tion of an Asoidian 
(Amaroocmm pro- 

IhSfi.vStoS*. Sexual Organs. 

t Intestine, c Heart, z o-\a 

tTestis. vd Efferent ^ 

d^t of the testis. Only One division of the Tunicata is provided 
the ^* 0 dy - ^^t 7 ° sexual Organs universally — the Copelata. 

The arrows indicate In the others, in consequence of the elaborate 
the direction of the asexual reproduction, a large proportion of indi- 
th7^^4s^f^^the are devoid of sexual organs ; the absence 

body (after Milne- of which is explained by the production of germs, 
Edwards). a modification of the process of multiplication by 
budding (cf. p. 391). 

The hermaphrodite arrangement, common among Tunicata, is 
often found at a very low stage of development. The Appen* 
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diculariaa have no efferent ducts for their sexual glands, which are 
sometimes paired and sometimes single. In the Acopa the sexual 
elements are discharged into the cloaca. The male organ has the 
form of a sperm-producing caecum, which in Doliolum, and also in 
many Ascidians, retains this simple form; whilst in Pyrosoma it 
acquires a rosette-like shape, and in most Ascidians, and also in the 
Salpae, is produced into branches, and forms a kind of multilobular 
gland. In many Ascidians (Molgula) the testes surround each of 
the two ovaries as a number of separate glands, and open to the 
exterior with separate efferent ducts. The ovaries too have often a 
multifid character, at least in many Ascidians ; in others they are 
only represented by a group of eggs of different stages of develop- 
ment, each of which is enclosed in a kind of capsule. In many only 
a few such eggs, joined together by a common stalk, are present ; 
and in the Salpas and Pyrosoma we have only a single egg, the stalk 
of which exists in the early stages of growth, but gradually shortens. 
The development of the sexual products occurs here at different 
periods for the two sexes ; the male organ only reaches its maturity 
after the egg has commenced to develop as an embryo. 

The presence of an efferent duct for the sexual products appears 
to depend upon the greater or less distance of the sexual glands 
from the cloaca. The whole apparatus, however, requires a very 
much more careful investigation than it has yet received. 
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Vertebrata. 

General Review of the Group. 

§ 315 . 

The most essential characters of the Vertebrata are the possession 
of a skeleton traversing the longitudinal axis of the body, and the 
division of the body into a number of metameres (primitive ver- 
tebrm). They differ from the Tunicata, with which alone of all 
the divisions of the Invertebrata they have any well-marked rela- 
tions, by this metamerism. They have more distant relations to the 
Vermes, but then this group obviously has relations to most of the 
other phyla. 

The axial skeleton separates a dorsal from a ventral division of the 
body. The former contains the central nervous system, the latter the 
digestive canal, which is continued on from a respiratory chamber, 
and which, with the organs differentiated from it, is embedded in a 
coelom. Two regions therefore can be made out, which extend 
along the body ; the upper one is neural, and the lower enteric; 
the chief trunks of the system of canals for the nutrient fluid 
belong to the latter region. 

The various divisions are set in order in the following review : 

A. Acrania. 

Leptocardil. 

^ Amphiowls. 

Oraniota. 

I. Cyclostomatai* 

Myxinoidea. 

BdelloBtoma, Id^xiad. ^ 

l*^trom7Eozite0. 

Petroxnjzon* 

, f Ojclostomdta should be placed apart from all the rest of the Crauiota, for 
tneir whcle organisation shows that they branched off very early from the Craniota. 
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11. Gnathostomata. 
a) Anamnia. 

1) Pisces. 

Belachii. 

Sqnali. 

Hexanchos, Heptanohns, Acanthias, Soymnus, Galens, Soylliam, 
SqQatdna. 

Bajffi. 

Baja, Torpedo, Trygon. 

Holocephali. 

Chimsera. 

Dipnoi. 

Sfonopnenmones. 

Oeratodns. 

Dipnenmones. 

Frotoptems, Lepidosiren. 

Ganoidei.* 

Btnriones. 

Acipenser, Spatnlaria. 

Polypterini. 

Polypteme. 

Lepidosteini. 

Lepidosteus. 

Amiadini. 

Amia. 

Teleostei. 

Fhysostomi. 

Abdominales. 

Clupea, Balmo, Esox, Cyprinus, Bilurus, Mormyrus. 

Apodes. 

Mursena, Conger, Gymnotns. 

Pbysoclysti. 

Anacanthini. 

Gadua, Pleuronectes. 

Pharyngognathi. 

Belone, Hemirhamphns, Chromis, Labms. 

Acanthopteru 

Perea, Labrax, Trigla, ScropaBna, Anabas, Mugil, Scomber, 
Zens, Traebypterus, Gobius, Cyclopterus, Blennius, 
Lopbins. 

Plectognatbi. 

Ostracion, Diodon, Orthagorisens. 

Lopbobranebii. 

Syngnatbns, Hippocampus. 

2) Ampbibia.t 

XTrodela. 

Perennibranebiata. 

Siredon, Menobranebus, Proteus. 

Caducibranebiata. 

♦ I regard each of those divisions of the Ganoidei as highly independent. They 
represent the last shoots of very divergent series of forms, of which that of the Polyp- 
terini has many points of relationship to the Dipnoi ; the Amiadeo, on the other hand, 
are the nearest allies of the Teleostei (Clnpeidm). It would, perhaps, be best to 
separate them completely from the Ganoidei. The Sturiones show the greatest 
resemblance to the Selaclui. 

I must regard the Selachii as being nearest to the ancestral form of the Gnathosto- 
matouB Yertebrata. The Holocephali, as well as the Dipnoi and Ganoidei, appear to 
have branched off from them, whUe the Teleostei again are a branching off tcom the 
Ganoidei. 

» t The living Amphibia form only a very small group, which in many parts indi- 
cate considerable retrogression ; but few fossil forms can be safely plao^ in it. The 
palaeontological records of the Amphibian phylum are fragmentary in the highest degx;pe. 
There are many reasons for placing the Archegosauria with them, bnt' yet there are 
many pomts in which these forms resemble the Eeptilia. 
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a) Anamnia (conUiiVied). 


Bevotrematft. 

Oiyptobranohns, Menopoma. 

Balamandrina. 

Triton, Balamandra. 

Anura. 

Pelobates, Bombinator, Hyla, OeratophiyB, Eana, Bufo. 
Gyznnopbiona. 

CoBcilia. 


b) Amniota. 


1) SanropsidEL 
1. Reptilian 

Chelonii. m i 

Spbargis, Trionyx, Cbelonia, ObelyB, Cbelydra, Emyfl, Tesludo. 
Saurii. 

Ascalabota. 

Platydactylns, Hemidactylas. 

Rbynchocepbala. 

Spbenodon. 

Lacertina. 

Iguana, Colotes, Draco, Pbrynosoma, Uroxnatstix, Laoerta, 
Ameiya. 

Monitores. 

Monitor, Fisammosaunis. 

Scincoi'dea. 

Bcincus, Seps, Angnis. 

Cbalcidea (Ptycbopleura). 

ChalciB, Zonums. 

ChamsBleonida. 

Cbamseleo. 

AxnpbiBbeenida (Annulata)* 

Ampbisbaena, LepidoBtemtun. 

Opbidii.t 

Bury stomata. 

Python, Boa, Coluber, TropidonotUB, Dryophis, Dipsas, Hydro- 
phis, OrotaJuB, TrigonocephaluB, Vipera. 

StenoBtomata. 

l^hlops, Uropeltis. 

Crocodilini* 

Alligator, CrocodiloB, Bamphostoma. 

2. AyeStt 
Batiteo. 

StmthiOi DromseuB, Apteryx. 

Carinata3* 

Gallinacese* 

Megopodins, Penelope, Crax, CrypturoB, LagoptiB, Tetrao, Fayo, 
Nmnida, GallnB, PhasianiiB. 


♦ The TarionB divisions of this class appear to bo the very divergent terminal twigs of 
a branch of the Vertebrate, which was in former times largely represented. Many of the 
fossil divisions which are ascribed to the Beptilia, such as the Enaliosanria, apparently, 
however, branched off from the Vertebrate phylum before the Amphibia. In another 
group of fossil Saurii we find forms intermediate between the Beptilia and Birds ; and 
that most markedly in the characters of the skeleton of the foot. These are the 
OmithoBoelida. By uniting Beptiles and Birds into one division of the Bauropsida, 
as Huxley has done, we put these relations in their proper light. 

f The Ophidii form a division nearest to that of the Saurii, and derived from it, and, 
with it, equivalent to the Chelonii or Crocodilini ; and they were thus put together by 
StanniuB as Streptostylioa. 

X The class of Birds which arose from reptilian forms is one which is divided by 
the most important points in its organifiation into groups which diverge very slightly 
from one another, for the characters of these subdivisions present distinguishing points 
ot very slight importance in comparison with those of the other divisions of the groups 
of the Vertebrate. Through the Saururi (Archmopteryx) they are directly connected 
with the Omithosoelida. 
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b) Amniota {eonHmted). 

Colaxnbn. 

Ooltimba, 

Qrallator'et. 



Natatores (Palmipedes). 

Prooellaxia, Sterna, Lams, Fhafiton, Plotos, Pelecanns, Carbo, 
Anser, Anas, Cygnns, Phcenicoptems, Mormon, TJria, Alca, 
Aptenodjtea. 

Faaaeres (Insessorea). 

FringiDa, A lnn da , Tnrdns, SylYia, Motacilla, Partis, Hnscicapa, 
XAnins, Stomus. Connu, Himndo, Certhia, Trochilos, 
Upapa, Merops, Ck>iaQias, Aloedoi Bnceroe. 

Picides. 

Picas, Yanx. 

Fsittacides. 

PBittacofl, Btrygopa, Nestor, 
napaces. 

Gypogeranus, Faloo, Bnteo, Aquila, Gypaetus, Vultur, Cathartes, 
Harpyia, Sumia, Btrix. 

2) Mammalia. 

Ornithodelpliia (Monotremata). 

OmithorliyiicliTiB, EcMdua. 

Didelphia^ (Marsnpialia), 

Botanophaga. 

Halmatums, Dendrolagus, Phascolomys, Phascolarctus, Phalan- 
gista. 

Zoophaga. 

Perameles, DasyaruB, ThylacinoB, Bidelpbys, Chironectes. 
Monodelphia (Flacentalia). 

Edentata,t 

Myrmecopbaga, Manis, GhlamydopKorus, Dasypos, Bradypas. 
Ungalata. 

Artiodactyla, 

Sns, Dicotyles, Moschns, Camelopardalis, Oeryos, Antilope, 
Capra, Oyis, Bos. 

Tylopoda. 

Gamelos, Aucbenia. 

PerisBodactyla. 

Tapiros, Bbinoceros, Equos, 

Slrenia. 

Manatos, Halicore, 

Prosimitt 

Stenops, Lemur, Otolionos, Tandus, Galeopithecos, Chiromys. 
Rodentia. 

Scinms, Arctomys ; Mas, HypadsDus, Crioetos, Georl^cbus, 
Spalax, Pedetes, Dipns, JA^ostomiis, Myopotamns, Castor, 
Hystriz, Coelogenys, Oayia, Lagomys, Lepus, 

ProboBCidea, § 

Elephas. 

Lamnungia. ii 

* I regard the division of the Marsnpialia as equivalent to the monodelphons 
Mammalia, for not only are there found in it representatives of most of the orders of 
Monodelphia, but, further, there are in the Monodelphia many indications which point 
to their having arisen from a didelphous form. The Marsnpialia, or uniting with them 
the Monotremata, the Implaoentalia, consequently represent the ancestors of the 
Flacentalia. 

t The great variations which the relations of the placenta present in various 
Edentata weaken somewhat the value of the placental classification, although the 
various orders are generally distinguished by the similar characters of their placent-a. 

i The Prosimii form a stem-group, in some divisions of which peculiarities are 
retained which are found in various other of the following orders. Thus there are 
characters which we meet with in Inseotivora, Kodentia, Oamivorai and Primates. 

§ and II The Probosoidea and Lamnungia are representatives of orders which it is 
very difficult to associate with the rest. They have genetio affinitieB to the Eodentia; 
Hyraz has also relations to the Ungalata. 
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ICyrftx. 

I'era. 

Carnivora. 

Felii, Hytsna. Protoles, Oanis, Herpeitet, Vlvorta, Liiira» 
ICtuiyai Kaana, Arooyon, Unoa. 

Pinnipedia. 

Phooa, Otaria« Tridheohna. . 

Cetacea.* 

Delphinne, Physeter, Bal8enoptera» Balsna. 

Insectlvora. 

Chiysocliloris, Talpa, Borex, ^ogalOi ErinaoeoB. 

Ohiroptera. 

Pteropufl, Ehinolophus, Glofisophaga, Teepertilio, Vespemgo. 
Primatea 
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Innns, Cercopithecns; Troglodytes, Hylobates, Fithecus; 
Homo. 
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Form of the Body. 

§ 316. 

The external metamerism disappears, hut dorsal and ventral 
surfaces can generally he distinguished; the entrance into the 
nutrient canal is placea near the anterior pole of the long axis of the 
hody, and on the ventral surface ; the anus is also ventral, hut is at 
some distance from the ahoral pole. Three great regions can he 
made out even in the hody of the lowest divisions. The anterior one 
contains a respiratory chamber formed from the nutrient canal, and 
is consequently distinguished hy clefts in the sides of the hody-wall. 
It carries the higher sensory organs, and in the Craniota gives rise, 
hy concrescence and differentiation, to a head. 

The second portion, which in Amphioxus is not sharply marked 
off on the dorsal surface from the preceding one, forms the trunk, 
which encloses the coelom and its contents ; this is only marked off 
from the last or caudal portion of the hody hy the anus ; so that 
from the outside there is not much difference between them. 

We have already met with these divisions in the Tunicata. In the 
Ascidian larvae (cf. Fig. 208), the most anterior one, which later on 
forms the principal portion of the body, contains the rudiments of 
the respiratory cavity, and the portion of the nervous system which 
contains the sensory organs. Connected with this is a faintly 
separated tract with the enteric tube, and this passes almost directly 
into the caudal portion. The earliest characters of the emhryonici 
head, or of its equivalent in all Vertehrata, point to its being,! 
phylogenetically, the most ancient portion of the body, and serve asi 
a finger-post to the path of development of the Vertebrate hody. 

With the development of the head and of the organs differen- 
tiated in and on it, the body of^the Vertehrata acquires characters, 
which, externally, separate it well off from the Invertehrata ; the 
value of these is clear when we take note of the large number 
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^ tliai have %ee)i suppressed in tlie course of this 

difierentiation. Further differentiations are brought about by the 
development of paired appendages. The hinder ones in the Gna- 
ihostomata separsibe the trunk and tail more distinctly from one 
another^ as do the anterior ones in the case of the head and iirunk. 

When the anterioif^ appendages are separated from the head^, as 
they are even in the Selachii ajnong the Fishes, ‘a cervical region 
is oifferentiated from the trunk, and connects it vrith the head. 
We meet with this arrangement in the Amphibia^ T3ie tjtank is 
affected by further differentiations, and in the Amtdota is separated 
into cervical, thoradSt^ Ifli^lumbar regions. 

The caudal portiel^dF the body undergoes a gradual metamor- 
phosis. Jn the Fish^ it is scarcely marked off ; in the Amphibia 
(Urodela) and Reptilia (Saurii, Crocodilini) it is separated from the 
trunk by the hinder pair of appendages, and by its diminished bulk. 
Although it is atropmed in Bim, it is in the Mammals only that it 
jncqnires the character of an appendage of the body, in consequence 
I of its great decrease in bulk, even though it may still be of some 
i length. 


Appendages. 

§ 317. 

We must divide the appendages which are given off from the 
body of the Vertebrata, and which function principally as locomotor 
organs, into paired and unpaired parts. The unpaired ones are 
developed from a vertical membrane — a continuation of the integu- 
ment— which extends from the head to the anus. When firm 
structures and special muscles are developed in this membrane, this 
purely dermal process is converted into a fin. This organ either retains 

its primitive continuity 
of arrangement (Fig. 214, 
-4), or by the atrophy of 
some, and by the in- 
creased development of 
the remaining portions, 
is broken up into several 
parts.^ These are dis- 
tinguished according to 
their position as dorsal, 
eaudal, and anal fins 

e ,214s,jBdcQ,), They 
tion chiefly as direct- 
# ing organs; caudal 
fin alone has any higher locomotor significance in io ^ as the 
caudal portion of the body plays an important part m locomotion. 
These organs, which are commonly found in Fishes, are also seen in 
the early stages of development in the Amphibia, in some of which 
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Fig. 214). Diagram of the impaired fins. A Frimi- 
tive stage. D Differentiated stage, d Dorsal fin 
(d' Fatty fin), c Caudal; a Anal; p Thoracijf^ 
V Ventral fins. ' 
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(many Urodela) they are indeed permanetitly present^ hut 
organs are not developed in them. ] 

In the Beptilia indications of the vertical dermal fringe can 
sometimes be jnSt made ont^ but in most it is altogether absent, as 
it is also in the higher classes ; the vertical fin-Hke stmctores seen^ 
in many of the Oetaeea must be regarded ^ (fSgW which have been 
acquired by that order independently. The swie remark applies to 
the ho]isontal caudal fin ^^^se Mammals. 

§ 318 . 

Unlike the arrangement seen in many dNIndns of the Inverte- 
brate where paired appendages are found bn all, or at least on a 
large number of metameres, they are — and, so far as we loiow, with- 
out one exceptioiH^ ^nfined to a» anteri or a 
t he Yertebrat a. 

They appear to be homodynamous organs , which gradually get 
to vary greatly in form in correlation with their great variety of 
.^function. They are probably derived from metamorphosed respira- 
tory appendages of the head A branchial ”**^r**)j ^ that 

they are not absolutely new arrangements. 

They are absent in the Acrania and Cyclostomata, but are 
generally present in the Qnathostomata. Although in some divisions 
of these latter the appendages are atrophied, this atrophy is in every 
case a secondary arrangement, which presupposes the fully-developed 
condition. This is proved by the various stages of atrophy, which may 
be seen in the appendages and in the parts of which theyare composed. 

In th a lower con dition seen in Pishes the appendages appear each 
to form a smgle whole, undivided by external jointing into a number 
of parts, while their increased surface is of importance as bearing on 
the directing function of the organ. The anterior and posterior 
appendages, which are here known as thoracic and ventral fins, 
have essentially the same structure, although the thoracic fins are, 
as a rule, much larger, in consequence of their position in the larger 
part of the body. Their more powerful structure may be also ex- 
plained the fact that they take the initiative, and are consequently 
of greater functional importance than the hinder appendages. 

Owing to their similar mode of aquatic progression the ap- 
pendages of the fossil Enaliosaurii, as shown by the remains of their 
skeletons, resembled the fins of I^hes — at any rate in the absence 
of any transverse segmentation. 

Among l^e Amphibia we find the appendages transversely seg- 
mented, for now seve*al pftrts are sharply marked off from one 
another. In the fore-limb we divide these into upper arm, forearm, 
and hand; to which the th%h, leg, and foot correspond in the hind- 
limb. This division is correlated with the greater elongation of the 
two first segments, which stand, in relation to one another, as the 
arms of a lever, and are therefore set at an angle to one another. 

In addition to the differentiation herein implied, the terminal 
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iWlBioii xmdergoes differentiation; a number, generally not more 
ttian five, terminal joints can be distinguisbed as fingers and toes. 
As a part of the body wbicb generally projects towards the exterior 
is more under modifying influences than any other part, we find a 
large number of adaptations in them ; few parts of the body present 
so many metamorphoses as these terminal parts of the appendages— 
the hand and foot. 


The primitive union of the fingers or of the toes into a swim- 
ming-plate, represented by the hand and foot, is retained in the 
natato ry membrane of many Reptiles, in the hind-limbs of many 


Birds, and also in a number 
nected with the adaptation of 

A 



Fig. 216. Diagram to show the differen- 
tiation and alteration in the direction of 
the axes of the limbs in the Vertebrata. 
A Fish. B Amphibian (the side-view, 


of Mammals, where it is always con 
these appendages to the function of a 
swimming organ. 

The angulation of the limb at- 
tained to, in connection with terres- 
trial locomotion, and which is also 
advantageous in aquatic locomo- 
tion, becomes gradually different 
in the case of the two extremities; 
the difference corresponds to the 
functions performed by the an- 
terior and posterior extremities 
when moving about on land. 

These relations are distinctly 
seen even in the Amphibia (B ) ; 
but the difference in position 
between the upper and forearm, 
and thigh and- leg, is not well 
marked. The upper arm and 
thigh are turned outwards to 
almost the same extent. There 
is a greater difference between 
them in the Reptilia (0), and this 
is still more marked in the Mam- 
malia, where the planes in which 
the angles of the limbs of either 
side are set are parallel to the 
vertical median plane ot the 


which one has been obliged to give so as body. This gives greater inde- 

to commit with the TOBt, gires to this pendenceto the limbs, which 
and to the next figure the appearance of ^ iTixivx* 

the body being raised up). CBeptile. have now become supports for 
D Mammal, a Shoulder girdle, p Pelvic the body, as they raise it up 

from the ground. Together with 
this change in the aspect of the 
planes, in which the angle formed by the esrtremity lies, the angles 
between the equivalent portions in each limb in the Mammalia 
cease altogether to agree with one another (D) ; in fact they point 
in an opposite direction in the case of the fore and hind limbs 


respectively. The angle between the upper and forearm is open 
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towards the anterior, and that between the thigh and leg towards • 
the posterior, " 

In addition to these general modifications o£ the appendages 
there are other changes, which are confined to smaller divisions, and 
are explicable by special variations in physiological activity. When 
the hind-limbs are greatly developed, they perform the more com- 
plicated function of a springing organ, as in frogs; or they may be 
converted into the chief organs of support for the body, in such a 
way that the fore-limbs, so far at least as terrestrial locomotion is 
concerned, may get to play a subordinate part, or even lose this 
function altogether. This arrangement obtains in Birds, where it 
has been attained to through a large number of intermediate steps, 
^ich have been made out in fossil Keptiles ; the fore-limbs in the 
Carinatm have taken on the function of a flying organ. 


Integument, 

§ 819, 

In the primitive stage in the Vertebrata the investment of 
the body has the character of a cellular layer, the external 
germinal layer — the ectoderm. At a further stage in develop- 
ment this cellular layer is connected with a layer of connective 
tissue derived from the mesoderm, and the two together form the in- 
tegument of the Vertebrata, and take an equal share in the formation 
and further development of various organs. 

There are two layers in this integument (cutis), as might be 
inferred from its mode of origin ; a superficial epidermis which is 
homologous with the epithelial structures in the Invertebrata, and 
which is directly derived from the ectoderm, and a deeper-lying 
layer of connective tissue, the corium, the deepest, and looser, 
layer of which forms the sub-integumentary tissue. The corium is 
strengthened by the formation of plexuses between its fibrous bands. 
The blood-vessels, and nerves of the skin, together with various 
sen^y organs, are scattered in it, as are also glandular organs. 

The corium is frequently pigmented. It varies greatly in 
thickness, and in microscopic structure. One of the more notable 
variations is a lamellar striation seen in Fishes, Amphibia, and 
Eeptiles; where perpendicular fibrous bands divide the layers into 
partitions. Among the special structures are the wari^like elevations 
seen on its surface, which vary from, low hillocks to long conical 
processes. These dermal papill© give rise, in different divisions 
of the Vertebrata, to a number of variously complicated organs. 

Contractile form-elements (smooth muscular fibres) are 'also 
found in the corium of Birds and Mammals. Another modification, 
which obtains in the cutis, is due to a change in texture ; parts of 
it are ossified into hard structures, and bony plates are developed in 

2 B 
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the dermis, which vary greatly in form, and unite to form a dermal 
skeleton. Lastly, there are glandular organs connected with the 
cutis, which are developed from the epidermis, and are therefore to 
be regarded as epidermal organs. 

§ 320 . 

In Amphioxus the epidermis is a single layer ; in other forms 
it is made up of a number of layers of cells, which invest the 
corium, with its elevations and depressions. Even in the Vertebrata 
we find a ciliated epithelium as a heritage from a lower condition ; 
but it is limited to the embryonic stages in Fishes, and to 
certain parts of the body in the larval stages of the Amphibia. 
The lower layers of the epidermis, which lie closer to the 
corium, are seen to be younger, and these replace the effete 
portions of the superficial layers. The cells of the epidermis vary 
greatly in consistency, form, and mode of connection. Pigmented 
cells are not unfrequently found between the rest. They are some- 
times able to produce a change of colour by the movement of their 
protoplasm (ohromatophores) ; this has been observed in Fishes and 
Amphibia. In the aquatic Amamnia the whole of the epidermis is 
less consistent, and, owing to the softness of its elements, the whole 
layer is often gelatinous ; so much so, indeed, that it was for a long 
time considered to be a mucous layer secreted by glands. 

There is another arrangement which forms a contrast to the con- 
dition of the epidermis in the Anamnia ; this is brought about by the 
cornification of the cells which is first seen in the Amphibia, and 
is commonly found in the Amniota. The cells form resisting plates 
or fibres, which give rise to firm structures becoming overlapped 
by, and being more or less marked off from, one another. The 
process of cornification never affects any but the superficial layers, 
the deeper-lying parts being always indifferent. When the comified 
layers mcrease in thickness, various kinds of plates, knobs, and 
scale-like structures (Eeptilia) are developed. The corium takes 
part in the formation of these structures, for it is almost always 
provided with elevations which correspond to those epidermal 
formations, which are developed from enlarged papillm. The scales 
of the Saurii and Ophidii are therefore processes of the whole cutis. 
In Birds this comified covering is retained in some parts only of 
the body ; as beaks on the jaws, and as scales, plates, knobs, and so 
on, on the feet. Larger homy plates are connected with a bony 
dermal skeleton in the Ohelonii, and in some families of the 
Edentata among Mammals. The cornification of the epidermis, 
which obtains in some divisions or in still smaller groups, cannot be 
directly referred to the organisation of the Eeptilia ; it is rather due 
to adaptations to definite external conditions. However, we do meet 
with homy epidermal stractures in many parts of the body, which 
must be regarded as acquired arrangements in consequence of their 
wide distributimi and constancy of character. These are the nails 
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and claws found at tRe ends of the limbs. There are indications of 
these in the Amphibia themselves (Salamander) ; they are generally 
present in Reptiles and Birds ; nails of this kind are not unfrequently 
retained even on some of the fingers of the bird's band, which is 
used as an organ of flight. They are much larger in many Mammals, 
where they form hoofs. 


Epidermal Structures, 

§ 321. 

Other differentiations beside the comified structures already 
mentioned affect the epidermis. The most important of these are 
feathers and hairs; and that on account of their distribution in 
the two higher classes of the Vertebrata, and of their peculiar 
appearance. It is usual to regard 
them as organs very closely allied, 
as they have many points in com- 
mon. They seem, nevertheless, to be 
divergent structures. The earliest 
rudiment either of a feather 
or of a hair is a thickening of 
the epidermis; that is to say, 
it forms a knob-like thicken- 
ing (Fig. 216, A), into which 
there grows a papilla from the 
cutis. This process is small in the 
case of the hair, but larger in that 
of the feather. They resemble 
those elevations which are found 
in the Eeptilia. The first sign of 
the feather is the growth of the 
knobs into papilliform processes 
{B 0, feather processes), which are 
made up of an outer epidermal 
layer {0 e), and a subjacent papilla. 

The arrangement also of these first 
rudiments of the feathers in de- 
finite areas (feather-tracts, pterylia) 
is much the same as that of the 
scales in Reptiles. The feather, 

therefore, is, in this simple condition, a mere process of the epidermis 
and subjacent cutis. The depression of the embryonic feather which 
carries the cuticular papilla, and the conse(]|uent formation of a 
feather follicle," is a later phenomenon, as is also the differentia- 
tion of the feather into rachis and vexillum. This differentiation 
does not obtain until the feather sheath is protruded, which sheath 
is itself an epidermal layer derived from the earhest rudiment. 

?i B 9i 



Fig. 216. Diagrams of the earliest 
rudiments of feather and hair. In 
section. A Thickening of the epider- 
mis. B Uprising of a papilla. 0 Pro- 
cess of the feather. D Depression of 
the epidermis. E Differentiation of 
the rudiment of the hair. F Hair- 
follicle and hair, e Epidermis, p Hair. 
p' Boot of the hair. Boot-sheath. 
g Sebaceous glands. The oorium is 
represented by the dark lines. 
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Various changes affect the morphological chapters of the feather^ 
after the development of its shaft and vexillum; but these are 
beyond the scope of this book. 

A follicle is not formed till somewhat late in the course of the 
development of the feather ; it then contains that portion of the 
rachis which is known as the '' quill,” and the vascular papilla which is 
continued into it ; the hair, however, is characterised by the early 
appearance ol the follicle. In this case then the papilliform thicken- 
ingof the epidermis is a very early stage, and one of short duration ; 
for the hair is not formed in this first elevation, but in a follicle 
which dips down from the epidermis into the cutis (Fig. 216, D E), 
and at the base of this follicle the cutis-papilla (F) grows up. The 
shaft of the hair (F los) is differentiated from the invaginated epi- 
dermis by the cornification of its cells, while other cellular parts of 
the follicle form the root-sheaths. 

The various forms of hairs, whether woolly or contour hairs, setm, 
or spines, are merely modifications of one and the same early 
condition. 

§ 322. 

The glands differentiated from the epidermis are, when simplest, 
modifications of single cells, the protoplasm of which is differentiated 
into fine granules, which are passed out to the exterior. These 
mucous cells (goblet-cells), which are placed among the other 
epidermal cells, form unicellular glands (Fishes). They are found 
also in the Amphibia, but in them there are, in addition, more com- 
plicated glandular organs. These latter have the form of flask- 
shaped tubes, which are scattered over the integument; several 
forms of these maybe distinguished. In many cases they get to be 
very large, and form knob-like projections, which give the integu- 
ment a roughened or wart-like appearance (Toads, Salamander). 
Sometimes a large number of integumentary glands are collected 
together, and characterise certain regions of the body (parotid). 

The integumentary glands are less widely distributed in the 
Reptilia. In the Saurii the so-called crural pores ” lead into 
glands, which look like compound tubes, and which secrete cells 
which harden and fill up the lumen of the glands. In Birds the 
number of integumentary glands is still less. A number of glands 
unite to form the anal glands (glandula uropygii), which are especially 
large in the Natatores ; their secretion serves to oil the feathers. In 
the Mammalia they are divided into two distinct groups ; sweat glands 
and sebaceous glands, which are frequently connected with the hair- 
follicles. These two sets of glands are more easily distinguished by 
their anatomical characters than by the quality of their secretion, 
which is exactly known in a few cases only, although indeed the 
same form of gland may have a different function in different 
regions. The simpler tubes, which are coiled at their ends, are called 
sweat-glands, while the sebaceous glands are generally lobate. A 
number of them are often connected with one hair-follicle, and may 
become so greatly developed in relation to it, that the hair-follicle 
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looks like an appendage of tke gland. The sebaceous glands 
undergo the most various modifications in form, size, and number, 
as well as in the quality of their secretion. Both sets of glands 
frequently secrete odorous matters of various kinds, which play an 
important part in the economy of the animal. Glands of this 
kind are developed in the most diverse regions of the surface of the 
body in many orders of the Mammalia. 


§ 323. 

The most important modification of the integu- 
mentary glands in all Mammals is the development of 
milk-secreting glands, which enter into relation to the reproduc- 
tive function. They are regularly, and, as a rule, symmetrically 
arranged on the ventral surface of the body. Each mammary 
gland consists of a complex of separate glandular tubes, the ducts 
of which are either quite separate or united together. 

In the Monotremata these organs differ but little from the other 
kinds of integumentary glands. Each of the two organs here 
present is made up of a 

group of tubes, which ^ A 

pass separately through 
the skin. The area on 
which they open is merely 
distinguished by the ab- 
sence of hairs, and in 
Omithorhynchus is on 
the same level as the 
surrounding integument. 

In Echidna it is placed 
in a pouch-like depression 
(mammary pouch), which 
appears to serve as a re- 
ceptacle for the young. 

In the rest of the 
Mammalia nipples are 
present; these are special 
arrangements which were 
gradually developed by 
the process of sucking, 
and which afford the 
young a more suitable 
connection with the mam- 
mary apparatus, while at 
the same time they make 
each complex of milk-glands distinguishable externally. 

There are two very different conditions of the perfected 
nipple. They are both preceded by a similarly indifferent stage 
(Fig. 217, A), in which a nearly flat glandular area (6) has a number 



Fig. 217. Diagiam of the development of the 
nipple; vertical section. A Indifferent stage; 
glandular area flat. B Elevation of the glandular 
area with the nipple. C Elevation of the peri- 
phery of the glandular area into the psendo- 
nipple, a Periphery of the glandular area. & Glan- 
dular area, gl Glands. 
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of glands at its base whicb grow into the corinm; this area is 
marked ofE from the surrounding integument by a circular elevation 
(a). This arrangement corresponds to the mammaiy pouch in 
Echidna. In most of the Mammalia this arrangement is not a per- 
manent one ^ it soon becomes level again, and the glandular area has 
then its central part (B), in which the glands open, raised up into a 
papilla or nipple; at the tip of which a number of gland-ducts 
always open. 

In the other arrangement the mammary pouch is persistent. 
Owing to the continued elevation of the periphery of the gland (a) the 
glandular area is more and more depressed, the edge of the mammary 
pouch is developed into a pseudo-nipple, from the tip of which a 
single canal passes to the glandular area (G). 

This arrangement has been observed in some of the XJngulata. 
Intermediate stages between the two arrangements can be made out 
in the Marsupialia (Halmaturus) andEodentia (Murina). The number 
of mammary glands which are distinguished by their nipples 
varies in different divisions. They generally correspond to the 
average number, or to the maximum number of young produced at 
one birth. They vary even within the limits of the same order ; and 
they also vary in position. As a rule they form two rows, which, 
when there is a large number present, extend from the inguinal to 
the pectoral region (Carnivora, Suina). In many of the Didelphia 
they are arranged in a circle on the abdomen. When the number 
is not so large, they either occupy an abdominal position, as in many 
Didelphia, or they are only found in the lumbar region (Perisso- 
dactyla, Euminantia, Cetacea), or, finally, they are limited to the 
pectoral region (Elephant, Sirenia, many Prosimii, Chiroptera, and 
Primates). When more than one pair is present some glands are 
sometimes aborted, so that there are rudimentary organs present, 
together with well-developed and functionally active ones; and 
these may be recognised by their rudimentary nipples. In a 
similar way the whole apparatus is atrophied in the male. 

The most important adaptation of the integument to the function 
performed by the mammary glands, is the formation of the folds 
of integument found in the Marsupialia; these form a sac, the 
marsupium, which encloses the mammiferous region of the ab- 
domen. The extent of its development appears to vary inversely 
with the extent to which the young are developed at birth. 


Dermal Skeleton. 

§ 324 . 

The function of the integument as a defensive organ for the 
body is increased in value by the formation of hard structures. 
When these parts are of some size they give rise to a dermal 
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skeleton. In many cases we know but little as to tbe development 
of these structures, but they may all be reckoned among osseous 



Fig. 218. Vertical section throngh the skin of an Embryonic Shark. C Corinm. 
c, c, c Layers of the corinm. d Uppermost layer, p Papilla. E Epidermis, e Its 
layer of columnar cells, o Enamel layer. 


formations, to whicli indeed they completely correspond in the 
higher divisions. 

The dermal denticles (placoid scales), which are distri- 
buted over the whole of the in- 
tegument in the Selachii, may be 
regarded as the structures from 
which the various forms have 
been derived. In them we distin- 
guish a basis, which is inserted into 
the corium, and is ordinarily rhom- 
boidal in shape, and a portion, which 
stands out from it, and which ordinarily 
has its apex directed obliquely. This 
is covered over by the epidermis. In 
some parts, as, for example, on the head, 
they often have a bombous surface, 
and are set irregularly ; while on the 
trunk they are generally set in per- 
fectly regular and obliquely running 
rows (Fig.219). They are developed 
on papillm of the corium (Fig.218, 
which are covered over by a 
ayer developed from the epider- 
mis: this secretes an enamel-like 
substance on the projecting por- 
tion of the papilla, while the body 
of the papilla is ossified from the 
tip downwards. The epidermis and corium, therefore, both share 
in the formation of these structures. There is a central cavity in tihe 





Fig. 219. Dermal denticles of 
CentropboruB oaloens (a little 
magnified). 
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papiUsi wlience fine branclied canals radiate out to the surface. 
The placoid scale has therefore the structure of dentine, is covered 
by enamel, and is continued at its base into a plate formed of 
osseous tissue ; as they agree with teeth in structure they may bo 
spoken of as dermal denticles. In the Rays these structures have 
altogether disappeared (Electric Ray), or are replaced by larger 
structures, which are grouped together in the form of spines or 
larger bony teeth, or are separate from one another (Spiny Rays). 

The dermal denticles of the Shark are very generally converted 
into larger bony plates in the Ganoldei ; in the Rhombifera they 
have not only the same arrangement on the body, but have essen- 
tially the same minute structure. In the Sturiones larger bony plates 
alternate with smaller ones. They generally retain exactly the 
rhomb-form, which is lost in the rest of the GanoXdei (the Cyclifera). 
The common flat and thin scales of the Teleostei follow on here. 
They appear to differ in many points from the ganoid scales, and re- 
present an offshoot from the type, which obtains in the Ganoldei, and 
which may be derived from the Selachii ; this offshoot is characterised 
by its variety of form. 

In many Teleostei the scales undergo complete degeneration. 
On the other hand they give rise to parts which differ somewhat 
from scales, and which are formed by the fusion of the dermal 
denticles ; such are the plates and spines of the Plectognathi, where 
the plates may become more firmly united together and form a 
connected carapace (Ostracion, Lophobranchii). 

Parts which are likewise formed from the concrescence of dermal 
denticles are found in the integument which covers the appendages 
of the GanoYdei and Teleostei. To compensate for the atrophy of the 
internal or primary skeleton of the limbs, these bony plates form a 
number of rays, which often branch dichotomously at their ends, and 
unite to form an organ of support for the fins (secondary skeleton of 
the fin). The ray which occupies the anterior edge of the fin is 
frequently massive, or gives rise to a strong spiny ray, which may be 
connected with the internal skeleton. This ray may not only be 
larger than the rest of the rays, but it may even, as in certain 
Siluroids, represent the whole of the pectoral fin. 

Hebtwig, 0., Ueber d. Ban n. die Entw. der Plaooidsohuppen u. der Zahue der 
Selaohier. Jen. Zeitschr. Bd. VIII. — ^The same, Ueber das Hantskelet der 
Fische. Morph. Jahrb. II. 

§ 325 . 

The ossifications of the integument are of special importance in 
those regions of the body where parts of the internal skeleton come 
to the surface. These ossifications are developed in just the same 
way as the bony plates on other regions of the surface of the body, 
and may likewise be derived from the indifferent stage represented 
by the dermal denticles. Although the various kinds of dermal bones 
which are found on the trunk have an importance which is limited to 
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the fishes, there are others which are of more importance; these 
are the bony plates which are definitely arranged, and constantly 
present, on the head, where they form the earliest rudiments of the 
bony skull, or, at first, of the roof of the skull (cf. Fig. 220). These 
dermal bones are inherited by all Vertebrata that are pro- 
vided with a bony skull, and are connected with other 
ossifications, which do not appear till later, in the carti- 
laginous skull. This arrangement is first seen in the Sturiones. 
There are a number of smaller bony 
plates in addition to the large ones, 
but most of these have no general sig- 
nificance. On account of these rela- 
tions to the internal skeleton, their 
more special characters will be ex- 
pounded when we come to treat of it. 

Other skeletal parts besides the hones 
of the skull are derived from ossifica- 
tions of the integument ; the clavicle, 
for example, has a similar origin. 

Lastly, there is another category of 
bones which are likewise derived from 
placoid scales; the bones around 
the mouth have been recognised 
as having their origin in tooth-bear- 
ing plates derived from fused 
placoid scales. 

§ 326 . 

We meet with dermal bones in the 
classes ; in the Amphibia, and 
the fossil Archegosaurii, in 
which there were dermal bones in the 
form of scutiform plates. We find 
only scattered dermal bones in a ru- 
dimentary form in extant Amphibia. 

In Ceratophrys there is an osseous cartilaginous cranium, which is 
shield in the skin of the back; in' shaded dark. 

Brachycephalus there are three which 

are united to several vertebrae. The bony scales which are pretty 
generally found in the Coeciliae, and which are set in pouch-shaped 
depressions, do not apparently belong to this set of structures. 

They are more common in the Reptilia, which so far approach 
the old Amphibian phylum. In the fossil Teleosaurii, as in the living 
Orocodilini, there are dermal bones distributed over the whole 
integument, which form a kind of carapace ; in the Scincoidea we 
generally meet with interlocking bony plates in the integument. 
Similar kinds of dermal ossifications in the Chelonii form a special, 
though well-developed form of, dermal skeleton, in consequence 


higher 
also in 



Fig. 220. Head of Aciponsor 
sturioj seen from above, to show 
the osseous elates coverinsr the 
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ol tibivr cgnuidoliioii m&, the internal skeletal wrts. They not only 
foem S dorsal shidd on the dorsal sorfsoe, but a ventwd one on 
the Tentrcd surface (plastron). In the dorsal shield can make 
out a median row of bones^ which are fused with the spines of the 
Tertebrm^ and project from them. At the sides there are larger 
plates^ which are insed with rib-like processesj and in addition to 
these there are special marginal plates around the edge of the 
shield. These are wanting in Trionyx. Four paired pieces and one 
unpaired piece can be made out, as a rule, in the plastron. All of 
these parts are variously developed in different families of the 
Chelonii. 

Although the dermal bones of the Eeptilia may probably be 
rightly regarded as derived from the bony carapace of Fishes, we 
must regard the ossifications which are found in the Edentata as 
independent arrangements, which have had their origin in fresh 
adaptive modifications. 


Internal Skeleton. 


§ 327. 

The internal skeleton is of greater morphological importance than 
the skeletal structures formed from the integument ; it is connected, 
on the one hand, with arrangements which are found in the Inver- 

tebrata, and on the other, and by a long 
series of very varied arrangements, it can 
be followed out through all divisions of 
the Vertebrata. 

At first the internal skeleton has the 
form of a rod-like structure which tra- 
verses the whole length of the body, and 
is, when simplest, made up of indifferent 
cells, and surrounded by a cuticular 
structure which is formed from a secre- 
tion of these cells. This primitive organ 
of support is the chorda dorsalis or 
notochord ; we have already met with it 
in the Tunicata (cf . § 303) . The invest- 
ment formed by it is the chordal 
sheath (c^). 

The earliest rudiment of the noto- 
chord is placed just below the central 
nervous system; it has not always the. 
same relations to the germ-layers, al- 
though it must be derived either directly 
or indirectly from the mesoderm. The compact, and, in all cases, 
primitively unjointed condition of the notochord speaks to its having 
been inherited from an unjointed condition of the organism, and this 
is what might be supposed from its early appearance in the embryo. 



Hg. 221 a. Section through 
the yertebral column of Am- 
mocoetes. Ch Chorda, cs 
Chordal sheath. m Spinal 
chord, a Aorta, v Veins. 



mmmm mMsssox of i^tebrata. 

Tlie has always^ && same topo^pHcai rdAtions to 

the most important of &e othar organs. Above it, is the central 
nervous system, and below it^ the respiratory and nutrient apparatus. 
Processes are given o£E from the connective tissue surroun^g the 
chord which enclose the so-called dorsal and ventral cavities ; these 
recesses pass into the musculature of the body, which is thereby 
roken up into a number of segments, set one behind the other. 
In Amphioxus these segments are so far asymmetrical that they 
are found alternately on either side. 

The low condition of the axial skeleton, which is represented 
by the chord, is permanent in the Leptocardii, where it merely 
presents special histological modifications. In all the rest of the 
Yertebrata the chord is the sole axial skeleton 
in the earliest stages of development only; 
new differentiations appear, and it becomes 
of less physiological importance. These differ- 
entiations affect the notochord as well as the 
tissue which surrounds it, and which has been 
called the ^^skeletogenous layer^^ or ^^skele- 
togenous tissue,^^ on account of its relations 
to the future skeleton. The cells of the 
chord form a tissue resembling cartilage, and 
the sheath becomes a more independent por- 
tion — it forms a supporting organ — owing to 
the thickening of its layers. Cartilaginous 
tissue forms around the chord (Pig. 221, b A:), 
and that segmentation of the axial skeleton into 
separate se^ents, the so-c^ed vertebrae, 

which was before merely mdicated, now be- column of a young 
comes obvious. This segmentation of the Salmon. C?i Chorda, 
axial skeleton is an expression of the ^ Choral sheath, 
metamerism of the whole body; a senes rjor; fc' Inferior arch 
of these vertebrae make up the vertebral (in rudiment), a Aorta, 
column. In each vertebra we call that por- ^ Veins, 

tion which surrounds the notochord the cent- 
rum, and the outgrowing portions which enclose the dorsal and ventral 
cavities of the body, and which are given off directly or indirectly 
from the centrum, the arches. Th^se again are distinguished as 
upper or lower arches, according to their relations to these two 
cavities. 

As the axial skeleton becomes segmented, a well-defined portion 
in the most anterior segment forms the primitive Cranium in the 
Craniota. 

An inferior system of arches, which encloses the most anterior 
portion of the intestinal tract, which functions as a respiratory orgra, 
is distinguished as the branchial or visceral skeleton. The 
craniunl and visceral skeleton make up the most anterior portion of 
the whole skeleton — ^the skeleton of the head. The other skeletal 
structures which are connected with it are represented by the more 
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or less homogeneous vertebral column, which extends to the caudal 
end of the body. The upper arches remain in close connection with 
the centra. Movable girder-like pieces are, however, separated off 
from the lower arches in the region which encloses the coelom ; these 
are the ribs. 

Lastly, there are the skeletal portions of the appendages 
which are connected by special organs — the pectoral and pelvic 
girdles — with the skeleton of the trunk. 

The cartilaginous stage of the primitive skeleton is found 
in all of the higher divisions, but in them it has no function 
after a short time, for it is gradually replaced by osseous tissue, 
whereby the skeletal parts come to have a greater physiological 
importance. In correlation with this we note a greater differen- 
tiation in morphological points. Even in the osseous skeleton, 
however, the cartilage is of great importance. A modified form of 
cartilage, which is characterised by the deposit of calcareous matter 
in it, is also of importance. This form is not only antecedent to the 
ossification of the parts of the skeleton, which are laid down in 
cartilage, but — as is seen in that superficial calcification of the car- 
tilaginous skeleton of the lower Gnathostomata — is also sometimes 
a permanent arrangement. 

Vertebral Column. 

§ 328 . 

The separation of the rachis into skull and vertebral column is 
not completely effected in Amphioxus ; the whole axial skeleton is 
represented by the notochord. In the Craniota they begin to be 
separated. The lowest characters of the spinal column obtain in 
the Cyclostomata, where the more highly-developed notochord, with 
its sheath, forms the chief portion of it. Around the sheath there is 
cartilaginous tissue, which is continued into lateral ridges as well as 
into the wall of the dorsal canal. This tissue has its origin in the 
continuous differentiation of the skeletogenous layer, and must not 
be confounded with the cartilages, which ordinarily form the 
vertebral segments. Speaking exactly, therefore, the spinal column 
is not here separated into distinct vertebra0 ; of which, indeed, there 
are indications only in Petromyzon, where cartilaginous pieces, which 
correspond, to the superior arches, are enclosed in the wall of the 
more anterior division of the dorsal canal. We meet also with 
indications of inferior arches. 

The notochord also retains its primitive characters in Chimaera 
and the Dipnoi. In the ChimseraB circular calcifications of the large 
chordal sheath point to a segmentation of the notochordal tube, but 
they are more numerous than the primitive vertebrae, which are 
merely represented by the arches on the chordal sheath. ’ In the 
most anterior region they grow round the chord and give rise by 
fusion to a larger undivided piece. In the Dipnoi a strong tube, 
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derived from tlie skeletogenous layer, is developed around the 
primitive sheath, and on this the cartilaginous and superficially 
ossified arches are set. 

The axial skeleton of the Selaohii is much more highly developed. 
The rudiments of the superior and inferior cartilaginous arches 
appear around the notochord; these grow around it and so form 
cartilaginous circular centra. That part of the cartilage which 
encloses the chord is marked off from the peripheral part, which 
is continued into the arches, and the former represents, just as in the 
Dipno'f, a kind of cartilaginous sheath (skeletogenous chordal sheath), 
which is deposited on the cuticular sheath. 

The vertebral column of the Selachii varies greatly in structure 
according to the mode of growth of the notochord and its skeleto- 
genous sheath. 



Fig. 222. Diagram of the changes prodiioed in the notochord by the skeletogenons 
layer (longitudinal sections), c Chorda, cs Chordal sheath. 8 Skeletogenons layer. 
V Bodies of the vertebrae, iv Intervertebral portion, g Intervertebral joint. 
A The chordal tube, when all its parts are equally well developed (Fishes). B Interver- 
tebral growth of the chorda. Formation of amphicoelons vertebrae (Fishes). 0 In- 
tervertebral constriction of the chorda by cartilage ; while the rest of the chorda is 
retained in the vertebrae (Amphibia). D Intervertebral constriction of the chorda 
(Reptilia, Avos) . E Vertebral constriction of the chorda, where part of the interver- 
tebral portion is retained (Mammalia). 


The cartilage sometimes forms a cylindrical tube, in wbicb the 
vertebrae are merely represented by the arches and circular parts of 
the skeletogenous sheath. The notochord is sometimes developed 
between the vertebrae (Fig. 222, B), and retains its earlier size at the 
points where the vertebra {v) and arches were first laid down around 
it. This arrangement gives rise to biconcave (amphicoelons) vertebrae 
(B), the depressions in which are filled up by the intervertebral 
chord. This is the way in which the vertebrae of nearly all other 
fishes are formed. 

§ 329 . 

In the Ganoldei the vertebral column, when simplest in organisa- 
tion, resembles that of the Selachii. Just as in the Selachii and 


OhjntlQHM itfiedML dartiagecn^ itKteroalated, wliidh aid HhB saperioi' 
BXiikMf 'CoimeoiOT with the bodies of the Tertibied^ in 

dosiBg the T&rtebral oanal. 

, In the Bturiones the skeletogenous sheath forms a considerable 
^^t‘be, and the separation of the column into vertebras is only indicated 
by the superjacent arches. The vertebral column of the o&er Qanoldei 
is sharply marked off from this, its lowest form. Amia resembles 
the Tel^stei A small portion of cartilage is retained at the point 
where the arches are connected with the centra of the vertebras ; 
but this is absent in Polypterus, so that in it the arches and the 
centra are united together by bone. 

Lepidosteus is tiie most divergent form, for in it the cartilage 
becomes constricted between the vertebrae. In 
the cartilage which forms the constrictions, an 
intervertebral articular cavity is formed, so that 
the opisthocoelous vertebrae articulate with one 
another. So far they resemble the Amphibia, 
but, later on, the remnant of the vertebral por- 
tion of the notochord disappears, and a bony 
centrum is developed, which is connected, and 
continuous, with the upper arches. 

The vertebral column of the Teleostei is cha- 
racterised by the reduction of the cartilaginous 
rudiment. This reduction may be seen to be 
gradual, and may indeed be seen in one and the 
same vertebral column in certain stages of de- 
velopment ; where, that is, the cartilage may be 
seen to diminish in quantity as we go from before 
backwards. As a rule, four cartilaginous pieces, 
belonging to the superior and inferior arches 
(Fig. 22 1 b, may be seen around the chord, 
and these take a certain share in the formation 
of the arches. They very rarely form complete 
superior arches. "When osseous substance is 
developed, these cartilages are generally retained 
in the middle of the centrum, so that on making 
a vertical section through it we get an obliquely set cross (cf. 
Fig. 228, JkJk'), the arms of which are directed towards the bony 
arches. The notochord is always well developed between the 
vertebrae, so that the centra are amphicoelous. 

§ 330. 

The vertebral column of Fishes can only be divided into two 
regions, the body and the tail. They are distinguished from each 
other by the characters of the inferior processes of the vertebrae, 
whfle the upper arches are connected with the vertebrae in the 
same manner throughout ; and are generally distinguished by the 
possession of median (spinous) processes. In the region of the 



Fig. 228. Yertical 
section through the 
middle of a vertebra 
of Ebox lucius. 
ch Notochord. cs 
Chordal sheath, hk' 
Cartilaginous cross. 
I Corresponds to the 
upper, and Jcf to the 
lower arches (in rudi- 
ment). h Osseous 
transverse process. 
n Spinal canal. 
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trunks tiie . lower mrcbes are diTi&ed r%d^ and 
transverse processes ^airap<^tiyse8). In we toil of4fa||Sdtaokii am 
Ganordei they are oontinuoasly connected with the ced^m^ and ran 
ont into spinous processes^ juirt like t^ upper arches. 

In the Teleostei the costiferous transverse processes gradually' 
converge^ in the caudal regiouj and form inferior arches^ which are 
not homologous with those of the Selachii and Ganoldei^ although 
they also form spinous processes. 

In the Ohimesrm, Dipnor, and many Teleostei, ^he caudal portion 
of the vertebral column ends by ^adually diminishing in size, but in 
most fishes it presents great modifications, which are correlated with 
the development of the caudal fin. These modific^ions first affect 
the lower arches, which, in the Sharks, form spinous processes, which 
are greatly widened out at their ends, and with which the caudal fin, 
which is most developed in its ventral region, is connected. In many 
Sharks, and still more in the 
Sturiones, this caudal skeleton 
is differentiated in an unequal 
fashion. The inferior spinous 
processes are more largely de- 
veloped; this is correlated with 
the degeneration of the superior 
spinous processes, and of the 
superior arches of the terminal 
caudal vertebraa; this of course 
produces an up-tuming of the 
caudal end of the vertebral 
column; and in this way the 
inferior lobes of the caudal fin 
of the shark get to be terminal 
in position. 

In the Teleostei this up-tum- 
iug affects also the axial portion of the vertebral column. As a 
number of the terminal centra of this column are generally fused 
together, and, like their upper arches, feebly or not at all developed, 
while their inferior arches still persist, the up-tuming must be the 
more marked in proportion as the inferior arches become more 
numerous and larger than the superior ones. This condition 
(Fig. 224) is carried still farther by the atrophy of a large number 
of vertebrfie, so that nothing remains of them but their inferior 
arches (Physostomi). 

Finally, the vertebras completely disappear, and the remains of 
the inferior arches of the caudal region are connected, in the form of 
vertical plates, with a single vertebra which represents the end of 
the vertebral column; a style-shaped process (urostyle) of the 
column is directed upwards, and contains the end of the notochord 
(Acanthopteri). 

Supporting organs, formed from the integument, are connected 
with the parts thus formed by the vertebral column, and they 



Fig. 224. End of the oandal portion of 
the vertebral oolnmn of a young Oypri. 
noid. V Centrum, n Superior; h In- 
ferior arches (the cartilaginous parts 
are dotted), c End of the notochord. 
d Covering bony lamella, r Bony rays 
of the caudal fin. 
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are continued into the caudal fin. In the Selachii the fin-rays are 
formed by the so-called homy filaments, and in the GranoYdei and 
Teleostei by ossifications. 

Like the caudal fin, the other unpaired ones have their supporting 
organs formed partly by the axial skeleton and partly by the integu- 
ment. In the Selachii jointed pieces of cartilage pass from the 
spinous processes into these fins, and gradually acquire an inde- 
pendent significance. In the GanoYdei and Teleostei they become 
distinct bony pieces, which are known as supports for the fin- 
rays;^’ these are quite separate from the spinous processes. They 
are connected with the fin-rays ; these are jointed structures, which 
are sometimes made up of separate bony plates, and are sometimes 
represented by solid bony rods (spinous rays). 


§331. 

In the Amphibian vertebrae the cartilaginous rudiment of the 
arches grows around the notochord, and forms constrictions in it by 
means of intervertebral enlargements (Fig. 222, 0). In many of 
them the notochord is destroyed at these points. In the Anura the 
notochord remains persistent in the middle of the centrum ; the 
only exception to this rule is to be found in those forms in which 
the centrum is developed on the surface of the notochord (Hyla, 
Bombinator, Pelobates, etc.); when the articulating cavities are 
developed, the articulating ends of the centra are developed from the 
intervertebral cartilage. These intervertebral articulations are incom- 
plete in most of the Urodela, where we find the articulating processes, 
derived from the centra at every stage of development. 

In the rest of the Urodela the intervertebral cartilage is only 
feebly developed, so that the notochord is but slightly or not at all 
constricted by it. It persists all along the vertebral column, and 
is alternately constricted and widened out in Menobranchus, Siredon, 
and Menopoma. In the latter the cartilage takes a markedly small 
share in the formation of the vertebra; indeed, a series, in which the 
intervertebral cartilage may be seen to undergo gradual degenera- 
tion, can be followed out from the Salamandrina up to Proteus. In 
proportion to this degeneration the vertebra is formed by deposits 
of bony layers, which may even be laid down directly on the chordal 
sheath itself. 

No separate rudiments of superior and inf erior arches can be seen 
in the trunk ; they seem to have been fused into a common mass of 
cartilage. Henceforward, therefore, that arrangement which we 
saw in the Fishes disappears, and the rudiment of the cartilaginous 
vertebra is formed of a single piece early in life. 

The shortening of the hinder end of the vertebral column in the 
Anura is the cause of the development of a small number of ver- 
tebree. When the tail disappears, a long dagger-shaped bony piece. 
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which is ordinarily known as the urostyle (Fig. 
from the rudiments of a few vertebras ; counting 
than ten vertebral segments can be made out. 
more in the TJrodela ; Amphiuma has as many as 
100 ; Menopoma, 48 ; Salamandra, 42 ; and the 
Ooecilim, about 230. 

The transverse processes [tr) are small in the 
Salamandrina ; the anterior ones are generally 
divided into two segments; in the Anura they 
are larger, but not divided. The superior spinous 
processes are always rudimentary. Articulations 
between the arches of the vertebras are very 
common, and are effected by the formation of 
paired articular processes. 

The connection between the pelvic girdle and 
the vertebral column does not only more dis- 
tinctly mark off the caudal portion from the 
region of the trunk, but a sacral portion is thus 
represented by a vertebra, which is generally 
distinguished (and especially in Pipa) by the size 
of its transverse processes. 

Gbgenbaur, Unters. liber die Wirbeleaule der Ampbibien. 

Leipzig, 1861. 


The rudiments of the vertebral column are 


225, c), is formed 
this then, no more 
There are many 



Fig. 225. Verte- 
bral oolurnn and pel- 
vis of tbe Frog, 
tr Transverse pro- 
cesses. a Sacral ver- 
tebra. c Urostyle. 
il Ilium, is Ischium. 
f Femur. 


developed around the chorda dorsalis of the Sau- 
ropsida, as of the Amphibia. Arches, which enclose the spinal 
canal, are given off by the cartilaginous centra. The notochord 
is also constricted between the vertebras (cf. Fig. 222, JD), but 
the whole of it eventually disappears (except in the Ascalobota). 
The continuous rudiment is separated into centra in just the same 
way as in the anourous Amphibia ; in the Saurii and C^hidii, the 
centra are procoelous. In the Orocodilini and Aves the cartilaginous 
portions of the rudiment, which lie between the centra in the cervical 
region, are converted into a special intervertebral apparatus. 

Articular processes extend from the superior arches to the 
vertebra next in front and behind. They are greatly developed 
in the cervical region of the Chelonii. The superior spinous 
processes vary in size, especially in the dorsal region; in the 
Orocodilini and many Saurii they are present on the caudal ver- 
tebras. Transverse processes are either given off from the centrum 
itself, or quite close to it. They are greatly developed in the dorsal 
and caudal region of the Crocodile, but much more so in the Chelonii, 
where they are surrounded by the bony plates of the dorsal shield, 
which have been developed in the integument. They are seen to be 
divided into an upper and a lower portion in the Ophidii. In the 

2 F 
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Beptilia and Aves ribs are found along tbe whole of the dorsal 
portion of the vertebral column, and are absent only in the Chelonii. 

A The movable cervical ribs of the Reptilia 

unite with the vertebrae in the Aves (Fig. 226, 
co), and the two together bound a foramen 
* transversarium. 

In the caudal region of the column of the 
^ Saurii, Chelonii, and Crocodilini we meet with 

inferior arches, which are always attached be- 


Fiff 226 Cervical centra, and take part in the forma- 

v^ebra of VoUur tion of a caudal canal. They are rudimentary 
cinerens. c Centrum, in Birds. The inferior processes of the Ophidii, 
5 ? Arch. fiSpino^pro- gaurii, and Aves, which are given off directly 
cesses.^^^ men- centra, are quite different from these. 

On comparing the vertebral column of the 
Reptilia and Aves with that of the Amphibia we can see that it is 
divided into a larger number of regions. A cervical and a lumbar 




region are more 
distinctly marked 
off, owing to the 
connection between 
a number of ribs 
and a sternum. The 
lumbar region con- 
tains the pre-sacral 
group of vertebrae, 
which have only 
short ribs ; it is dis- 
tinct in the Saurii 
and Crocodilini. 
The absence of any 
sternal connections 
in the Ophidii is 
the cause of there 
being no difference 
between the tho- 
racic and cervical 
regions in these 


Fl^* 227. S&Cr&l pOF- ^ naux-tu puiTbxuxi oi p ii * ’'U'I'j. 

tion of the vertebral the vertebral column of a bird. Ol tlie impossibility 
column of a Eeptile, of distinguishing a 

with the adjacent^. lumbar one. In the 

andpoet-saoralTertehr*. Chelonii also the' 

Both of these diagrammatic figures are drawn as if from vertebrae of the 
the ventral surface, and show the nervous plexus on the 

left. In both the figures a is the first sacral vertebra, b the Ur in 

second sacral vertebra. . . . 1, 2,8,4 Presacral. r,2',8',4' Character through- 
.... Post-sacral (or caudal) vertebrw. Out. These regions 

are not, however, 

very sharply marked off from one another, inasmuch as in the Saurii 


Fig. 228. Sacral portion of 
the vertebral column of a bird. 


Both of these diagrammatic figures are drawn as if from 
the ventral surface, and show &e nervous plexus on the 
left. In both the figures a is the first sacral vertebra, b the 
second sacral vertebra. . . . 1, 2, 8, 4 Presacral. l',2',8',4' 
.... Post-sacral (or caudal) vertebne. 
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and Orocodilini, as well as in Aves, the last ribs of the cervical 
region differ but little in length from the succeeding ones, which 
are connected with the sternum. The same applies to the lumbar 
region in the Saurii; in Birds this region is united to the true 
sacral portion. The sacral portion of the column is increased in 
size, inasmuch as in Reptiles there is, at the least, a second vertebra 
(Fig, 227, a b) in addition to the one found in the Amphibia. These 
vertebras attain firmer connections, and are completely fused in 
Birds, where a large number of pre-sacral and post-sacral ver- 
tebras are attached to the primitive sacral vertebras (Fig. 228, 
a b), and the whole set is united to the ilium. In the so-called 
sacrum of Birds, thoracic as well as lumbar and caudal 
vertebrae may be recognised; in the Struthiones the whole 
number is as great as twenty-three. The two true sacral vertebras 
are very distinct in the Gallinas, many Natatores, and in birds of 
prey. 

The caudal region is the one which varies most in character ; in 
the Chelonii and Aves it is considerably reduced. 

In Carinate Birds, the caudal vertebras are not only reduced in 
number, but four to six of them, which were separate in the embryo, 
are fused together; and the bone thus formed, which is of some 
size, and is ordinarily known as the ^^ploughshare-shaped bone,^' 
forms the terminal portion of the vertebral column ; it is generally 
produced into an upright plate, in adaptation to its relations to the 
rectrices feathers. 

§ 333. 

In the Mammalia the cartilaginous rudiment of the vertebral 
column grows around the chorda dorsalis, and is constricted at 
points, each of which corresponds to a centrum ; the notochord is 
therefore retained for some time between the vertebrae (Fig. 222, E). 
The intervertebral circular disc is developed out of the surroun^ng 
tissue, and the remnant of the notochord is preserved in it, under 
the form of the " gelatinous nucleus.^^ The cartilage is continued 
from the centra into the superior arches. Independent ossifications 
appear in the centrum as well as in the arches, and the bony pieces 
thus formed do not fuse until growth is finished. 

On most vertebras the arches develop spinous processes. In the 
long-necked Ungulatas (Giraffe, Camel, Horse), they are not found 
on the cervical vertebras, but are greatly developed on the dorsal 
ones. This holds also for the Cetacea, where the caudal region is 
also of great size. As a rule articular processes are developed; they 
have undergone degeneration in the Cetacea only. We are in the habit 
of calling all kinds of structures transverse processes, whether they 
spring from the arches or from the centra. These processes are 
simpler in the cervical and thoracic regions. In the former they 
are somewhat complicated by being fused with rudimentary ribs, 
which unite with them and aid in the formation of a foramen trans* 
versarium. They likewise carry ribs in the thorax, and here they 

2 p 2 
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are attaoRed on tReir ventral surface. They may, however, also carry 
terminal ribs, as in the posterior thoracic vertebras of the Cetacea. 
^ the thoracic pass into the lumbar vertebras the transverse process 
is very commonly differentiated into three special processes. The 
mamillary processes form knobs, which are sometimes of great 
size, and which are directed forwards ; they may get to be placed 
at the base of the anterior articular processes. The accessory 
processes are directed backwards and upwards ; and a third process 
is lateral, though often directed downwards; these form the 
transverse processes (lateral processes) of the lumbar vertebras. 

The various divisions of the vertebral column are more sharply 
differentiated from one another in Mammals than in Birds and 
Reptiles. The cervical region is especially so ; it is distinguished by 
the constant possession of seven vertebras, which are more definitely 
marked off from the thoracic region, owing to the fact that their 
rudimentary ribs rarely increase in size as they approach the thoracic 
ribs. The increase in number of the cervical vertebras in Bradypus 
to eight, or nine, is explained by the fact that the thoracic vertebras 
pass into the cervical region, while the diminution to six in Choloepus 
and the American Manatee is similarly explained by the complete 
development of the rib of the seventh cervical vertebra. 

The lumbar region is distinguished by the absence of movable 
ribs. In the sacral region one vertebra only carries the ilium, as a 
rule; but a second one has frequently the same relations. It is 
more rarely that a third vertebra is connected with the ilium. The 
fusion of these vertebras with one another, and with one or 
more caudal vertebras, gives rise to the formation of a compact 
region, which is known as the Os sacrum ; in this we must 
distinguish the true sacral vertebras from the false ones which are 
developed from the caudal vertebrae. In the Edentata the number 
of the sacral vertebras is increased by the union of the ischium with 
the caudal vertebras. In this way the sacral region gets to extend 
over eight or nine vertebras. 

In the Mammalia also the caudal region of the vertebral column 
is the most variable of all regions ; in most divisions it may be 
either greatly developed, or may undergo considerable reduction. 
Thus in the Simias the number of vertebras may be as high as thirty, 
while in some again it may sink below the number, which has been 
retained by man. 

In this point the last portion differs from the most anterior or 
cervical region ; while the intermediate portion is, as regards its 
numerical relations, less constant than the cervical, but at the same 
time less variable than the caudal portion of the vertebral column. 
The number of dorso-lumbar vertebrm is very high in some of the 
half-apes (23-24 in Lemur) ; in Cholospus it is 27; in the Perisso- 
dactyla, 24, It is highest in Hyrax (29). It is lower in all the other 
divisions. 

Within the larger divisions the common ancestry of the different 
genera is implied by the great constancy of the whole number of the 
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dorso-lumbar vertebraa. In tbe Marsupialia and Artiodactyla this is 
always 19 ; the same number, or 20, predominates in most Rodents, 
Carnivora (21 in Paradoxurus and Procyon), and the majority of 
Primates. In some of the latter, however, it falls to 17 or 18, in 
which number they agree with most of the Chiroptera. 

The variations within the dorso-lumbar region depend on the 
ribs, for when they undergo degeneration the lumbar vertebras are 
increased in number. 


§ 334. 

Varied as are the differentiations undergone by the vertebras, the 
extreme conditions are usually connected by intermediate forms. It 
is in the first two vertebras only that an arrangement obtains 
which is limited to them, and them only; and this arrangement is 
due to the way in which the skull is connected with, and moves on, 
the spinal column. 

In Fishes we sometimes meet with peculiar arrangements in 
the way in which the skull and first vertebra are connected 
together ; in the Rays there are articular facets, as there are also in 
the Teleostei, where they are placed on lateral processes. Another 
set of modifications commences in the Amphibia. The first cervical 
vertebra is circular, as it generally has no transverse processes, 
which are only present when it is fused with the succeeding vertebra 
(Pipa). This first vertebra is known as the atlas. In the Reptilia 
the centrum of the atlas is separated from its arch, and is placed in 
front of the centrum of the second, which is distinguished as the 
axis, and it is more closely connected with the centrum of 
the axis than with its own arch. Owing to this arrangement 
a special piece is developed, which connects the two sides of the arch 
on the ventral surface. In the Crocodilini the arch is also closed by 
bone on its dorsal surface. In the Ophidii, the part which cor- 
responds to the centrum of the atlas fuses with the second cervical 
vertebra, and forms its odontoid process. The same arrangement 
obtains in Birds, where the ventral connection of the arch becomes 
very large indeed as compared to this odontoid process.^^ 

The arrangement seen in the Reptilia is represented in an em- 
bryonic stage in Mammalia. In the Monotremata it lasts some time 
longer than in the rest. In the Marsupialia, however, it is often a 
permanent condition, owing to the separation of the centrum of the 
atlas from the axis. In other cases the centrum of the atlas passes 
completely into the odontoid process of the axis. The inferior union 
of the arches is, in the Marsupialia, merely represented by a liga- 
ment, or there may be a distinct bone in its place. In the Mono- 
delphia there is a bony ventral clasp between the two halves of the 
arch. 
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Bibs. 

§ 335 . 

The name of ribs is given to those parts of the skeleton which 
have been developed from the inferior arches of the vertebrae, and 
which are either permanently, or transitorily, articulated to the 
vertebral column. As a rule they clasp round and enclose a sub- 
vertebral cavity. This cavity is divisible into two portions, which 
differ in size, and in the organs which they contain. The anterior 
one is the coelom. The posterior one is continued into the tail, and 
forms the narrow caudal canal, which is sometimes divided hori- 
zontally into two parts. These relations may be seen in Fishes, where 
also the division of the body into regions is in its most indifferent 
condition. 

A comparison of the contents of the two tracts of the sub- 
vertebral cavity will explain their difference in size. While in the 
caudal canal there is nothing but blood-vessels, or, at most, parts of 
the kidneys, which are always organs that vary but little in size, 
great variations in volume can be made out in the organs of the 
coelom, and these variations may be often seen to be due to a regular 
succession of states, in which the organs are being filled or emptied. 
The arrangements which can be made out in the lower arches are 
correlated with this characteristic. They are seen to be direct 
processes of the vertebra in the caudal region, and are immovable. 
In the abdominal region, however, in adaptation to the varying 
size of the cavity they enclose, they are segmented off from the 
vertebras, and are more or less movably articulated to the centra or 
its processes (transverse processes). 

The ribs are therefore regarded as differentiations of 
the inferior system of arches ; a number of arches, varying 
according to the extent of the coelom, have been converted into the 
more free form of rib. This view, which explains the origin of the 
ribs, proves to us that the inferior arches, which resemble the 
ribs, but which do not now enclose the coelom, are not primitive 
structures, but that they once were ribs; this necessarily pre- 
•Bupposes that the coelom once extended much farther back. 

§ 336 . 

As we have already treated of the indifferent lower arches 
when speaking of the vertebral column, we have now only to deal 
with the ribs and the organs derived from them. They are not 
^mpletely absent in any of the Vertebra ta, save the Leptocardii, 
Cyclostomata, and the Chimmras. In all the rest they are either in a 
rudimentary or in a well-developed condition ; in the latter case they 
may become connected together on the ventral surface, and a special 
skeletal piece, the sternum, is then developed. 
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All the trunk vertebras may carry ribs. In Fishes they generally 
extend as far as the caudal region, without any change in form. 
They never become united below, for when they are connected with 
other parts of the skeleton, these parts belong to the dermal skeleton 
(Clupeidas). They are rudimentary in the Selachii, and are 
ordinarily represented by short pieces of cartilage only ; they are 
larger in the Sturiones (Acipenser). They are not placed on the 
exact boundary of the coelom, but at a certain depth in the muscles ; 
but this does not affect the explanation that we have given of the 
origin of the ribs. 

The ribs are better developed in those Ganoids that have a bony 
skeleton. In the caudal portion of the vertebral column, as in the 
Selachii and Sturiones, they gradually pass into the lower arches, 
which are at first connected with the centra in just the same way as 
are the true ribs in front of them. 

In the Osseous Fishes the ribs vary very greatly in character. 
They are frequently rudimen- 
tary or completely absent 
(Lophobranchii, Gymnodonta, 
etc.). It is easy to under- 
stand, from what has been 
said above as to the origin 
of the lower arches in the 
Teleostei, that these lower 
arches may carry ribs (Fig. 

229, 0), In a few divisions 
of the Physostomi the most 
anterior ribs undergo changes, 
for bones connected with the 
air-bladder are developed 
from them to form a chain 
which extends to the auditory 
organ (Cyprinoids), In Polyp terns, rib-like structures are placed 
between the dorsal and ventral muscles, on the side of the trunk, 
and these extend to the integument. They are found also in Amia 
and the Physostomi, where they are sometimes so large that they 
have been regarded as the true ribs. Aa a rule they are bifurcated 
at their origin. 

Among the Amphibia the most completely developed ribs are 
found in the Gymnophiona, where they are found on all but the 
first and last vertebra. In the TJrodela they are rudimentary, and 
form short pieces, which are movably attached by two processes ; 
posteriorly they are more simple in form. Just as in the Selachii, 
they extend into the muscles. The transverse process of the sacral 
vertebra also carries a rudimentary rib, by which it is connected 
with the pelvis. In the Anura, likewise, they are rudimentary or 
completely absent. 



Fig. 229. Differences in the arrange* 
ment of the ribs and transverse processes in 
the Teleostei. c Centrum, o Upper arches. 
u Transverse processes, r Bibs. 
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§ 337 . 

Among the Reptilia, the Ohelonii resemble the anourous Am- 
phibia; there are no ribs in the cervical region of the vertebral 
column, and it is doubtful whether the rib-like processes, which in 
the trunk are connected with dermal bones, are not really transverse 
processes. In the rest of the Reptilia, ribs are found on nearly all the 
trunk vertebras. In the Saurii and Ophidii there are no ribs to the 
atlas, and in the former there are none on the second cervical 
vertebra either. In the Saurii, some of the ribs of the trunk are 
connected with a sternum, and so make a great difference between 
the various costiferous portions of the vertebral column; in the 
Ophidii, however, the ribs, from the second cervical vertebra as far 
as the end of the trunk, have pretty much the same characters. They 
are all characterised by their free articulation with the vertebral 
column. 

In the Saurii and Crocodilini, each rib connected with the sternum 



Fig. 230. Cervical and thoracic vertebrae of Crocodilus. c Bibs, c ' Bib of the atlas. 

8t Sternum. 


is always divided into several portions ; of these the upper, or ver- 
tebral, is, as a rule, the only portion that is completely ossified. The 
sternal end ordinarily remains cartilaginous, and but few ribs are 
directly attached to the sternum. Not unfrequently a large number 
are connected with a cartila^ous arch which is attached to its 
hinder end. The more posterior cervical ribs, even, may be divided 
into two segments, and so form an intermediate stage towards the 
arrangement seen in the thoracic ribs. 

In Birds, the union between the rudimentary cervical ribs and 
the vertebral column leads to most of them being completely fused 
with it ; on the other hand, the hinder ones are less firmly connected, 
and their mode of union is intermediate in character between that of 
those in front of them, and of those thoracic ribs which reach to the 
sternum. As in the Saurii, these latter are not numerous, and are 
similarly divided into a vertebral and a sternal piece (os sterno- 
^stale). The vertebral pieces are distinguished by backwardly 
dmected precedes (processus uncinati), which are applied to the body 
the succeeding nb, and so increase the strength of the thorax. 
1ms arrangement obteins also in some Saurii fSphenodon) and in the 
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Orocodilini. These processes are not laid down in cartilage, but are 
secondary ossifications. The lumbar portion of the vertebral column, 
which is fused with the sacrum, has no ribs in Birds, but distinct 
rudiments may be seen on the true sacral vertebrae, so that even 
here the ilium is not united directly to the vertebrae, but to the 
rudimentary ribs that are attached to them. Similar rudiments 
may be made out in the Orocodilini. When the caudal region is 
well developed, the same structures as those which have been already 
alluded to as rudimentary ribs may be seen to enclose the caudal canal. 

With regard to the connection between the ribs and the vertebrae j 
in the Saurii, Orocodilini, and Aves, there are generally two points 
of attachment, for the rib is articulated to the centrum by a 
capitulum (^), and to the transverse process by a tubercle (a). Tho 
posterior ribs gradually get to have only one point of attachment. 

In the Mammalia the cervical ribs have passed completely into 
the vertebrae, and it is only now and again that we meet with a free 
rib. The thoracic ribs, which vary in 
number, are divided into the two above- 
mentioned pieces, and so show that ossi- 
fication has not equally affected the whole 
rib, but that a sternal portion remains in 
its cartilaginous condition. When this 
portion is ossified (Edentata, Cetacea) it 
forms a separate piece ; in Omithorhyn- . 231. Thoracic vertebra of 
chus, it is again divided in the case of Bateo valgaris. e Centmm 

the last five ribs: this happens also in the vertebra. * Saperior 
1^ • spinoos prooesa. tr Transverse 

i 11 process. ioRib. aTuberculam. 

The anterior nbs alone reach to the j 3 Capitulum. 

sternum. The hinder ones are either 

connected with the sternal end of the one next in front, or project 
freely, and so get to resemble the rudimentary forms, to which 
class of ribs the hindormost ones in the Cetacea do belong ; theso 
are not even connected with the vertebral column. In the lumbar 
region the ribs are fused with the transverse processes. It is not 
certain whether the transverse process itself does not represent the 
rib. The rudiments of the ribs are mnch more distinct in the first 
two or three sacral vertebrae, where, as in the lower classes, they 
are the means of connection between the sacral vertebrae and the 
ilium. In this region they have the form of ventral pieces attached 
to the transverse processes. Finally, in long-tailed Mammals, the 
rudiments of ribs having the form of inferior arches occur. Tho 
double mode of union, which is generally seen in the case of the 
cervical ribs, obtains also in the thoracic ribs, but it is single in 
the case of the hinder ones. 
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Sternum. 

§ 338. 


The Sternum forms the ventral portion of the framework of 
arches, which is formed by the ribs. It is developed from a rudi- 
ment similar to that of the ribs. 



as a band of cartilage, which con- 
nects together the proper ribs on 
each side. It appears, therefore, 
as a paired portion of the skeleton, 
and its later characters are duo 
to its fusion along the middle 
line. We first meet with it in 


Fig. 232. Sternum and Shoulder- 
girdle of Bana temporaria. p Body 
of the Sternum, sc Scapula, sd Supra- 
scapular. CO Coracoid fused in the 
middle line with its fellow of the 
opposite side (s). cl. Clavicle, e Epi- 
stemum. The cartilaginous parts are 
shaded. 


the Amphibia. We must there- 
fore suppose that in these forms 
there was once a stage, in which 
the ribs were united by a sternum. 
Of this stage nothing has been re- 
tained, in addition to the rudiments 


of the ribs, except the part which 
represents the rudiment of the sternum; and the preservation of 
this rudiment is explained by the fact that it is connected with the 
shoulder -girdle. Thus in the Salamandrina it has the form of a 

broad thin plate of cartilage, in which 
there are deep grooves for the attach- 
ment of the coracoids. In the Anura 
(Fig. 232, li) it is placed at the hinder 
edge of the coracoids (co) which are 
united together in the middle line, and 
forms a partly ossified appendage to the 
shoulder-girdle, the hinder end of which 
persists as a broad plate of cartilage. 

The sternal plate of the Saurii and 
Crocodilini resembles the broader form 



Fig. 238. Stemmn and Shoul- 
der-gMle of Uromaetix 
Bpinipes. a Stemal plate, 
which BupportB at its sides 
several pairs of ribs, and is 
provided posteriorly with two 
processes, sc Scapula, co Co- 

..7 4- Vm 


of Amphibian sternum. It is generally 
rhomboidal in form, and has the same 
relations to the shoulder-girdle (Fig. 
233, s). As a rule but few pairs of ribs 
are connected with the sternum, which 
frequency returns its cartilaginous con- 


MVWAUIMU. M.MA’V VCU. W#M»|^1UWU0 , , ^ 

portions of the sternum and gives off one or two processes, which 
coracoids are dotted. also receive libs. The paired condition 
of this second portion of the sternum 
must be regarded as a continuation of the embryonic arrangement. 

The Btemom of Birds is alwara ossified ; it represents the more 
highly developed stemal plst^ of Keptiles, but the hinder portion is 
no longer developed. It has, moreover, but few pairs (no more thsu 
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six) of ribs connected with it. In the Ratitas it forms a broad piece 
of bone, which is very convex anteriorly. In the Carinatse, however, 
it is distinguished by a projecting keel (Pig. 234, crs) on the 
anterior and convex face of 

the sternum, which serves to gfK ^ ^ 

increase the surface from BLi IS) 

which the muscles take their ^ J 

origin. The form of the 

sternum is therefore correlated Xm L 

with the development of the ¥ 

muscles, while the size of the 

sternum and of its keel corre- c 

spends to the power of flight ^ 

of which its possessor is I / I \ 

capable. The hinder end \ /IV 

often presents paired fora- j F^Wi ^ 1] ^ 

mina, which are closed by w 

membrane (Birds of Prey and 234. Stemum Rg. 235. Stemum 
Water ±>iras) ; when the pen- of Bnteo valgaris of Numida melea- 
phery of these foramina is (seen a little from gris (seen from in 

broken tbroagb towards the °“® 

£ i.1. X sterm. / Furonla. sterm. 

ninder edge of the sternum, c Coracoid. 

clefts are formed, between 

which the so-called abdominal processes project (Eig, 235). The 
sternum of Birds has very much the same relations as in Reptiles, 
owing to its connection with the shoulder-girdle. 

The sternum of Mammals is distinguished from that of the 
preceding classes by the large 
number of segments that are 
separately ossified in it. It is 
made up of bones, which are 

placed one behind the other, Jv 

although they were all laid ^ 

down in a continuous cartilage. 

They are not unfrequently ^ 

developed from paired centres 
of ossification, and frequently 
fuse into one piece. Vy 

The form of the sternum ^ ^ 


rig. 235. sternum 
of Numida melea- 
gris (seen from in 
front). 

Bterni. 


is affected by its relations to the 
shoulder-girdle. The anterior 
piece is connected with the cla- 
vicles, and is distinguished by 
its greater breadth ; it forms 


Fig. 286. Sternum 
of V espertilio mu- 
rina. 8 Sternum, 
c' Crest, cl Clavicle, 
c Bibs. 


Fig. 237. Sternum of 
Cervus oapreolus. 
86 Costal cartilages. 
ts Xiphioid process. 


the manubrium. A ridge-like process (Fig. 236, c') is developed on the 
anterior face of this segment in aerial Mammt ^ ; tbis ia physiologi- 
cally similar to the keel of Birds. When the clavicles are absent, 
the anterior end of the sternum is generally much diTn^Tl^Hhftl^ in 
size. The hinder end is always drawn out into a Tnadiftn piece, which 
frequently remains cartilaginous (Fig. 237, x) (xiphioid process). 
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A special piece, the episternum, is very commonly present in 
connection with the sternum ; this has one of two forms according 
to the way in which it is developed and connected. 

In one the episternum is merely represented by bony structures, 
which are placed on the ventral face of the sternum. Thus, in the 
Reptilia, it has the appearance of a cross, or of a T-shaped bone 
(Fig. 233, ^), the two arms of which support the clavicles, while the 
median piece is attached to, or even fused with, the sternum (Asca- 
labota). In the Crocodilini the transverse piece of the episternum 
and the clavicles are both wanting, as is the whole episternum in 
the Cham®leonida3 ; nor is it present in Birds. 

The second type of these structures is made up of skeletal parts, 
which are preformed in cartilage, and which lie in front of the 
sternum. There is a structure of this kind in the anourous 
Amphibia (Fig. 232, e), where it is represented by a bone, which is 

separated from the sternum by the 
coracoid, and is therefore set in 
front of the shoulder-girdle. 

In the Mammalia the episternum 
always forms a uniting piece be- 
tween the sternum and clavicle. 
In the Monotremata it has the 
form of a bone attached to the 
sternum, and drawn out into two 
processes. In the Marsupialia (Di- 
delphys) the lateral arms (Fig. 238) 
remain movable, but the median 
portion is fused with the sternum. 
This leads to that reduction of the 
episternum which is seen in other 
Mammals ; in which the lateral 
pieces alone are present in cartilage, 
or form bony parts, which are attached to the sternal end of the 
clavicle (Rodentia, Insectivora, Edentata). In the Primates these 
epistemal structures form the intermediate cartilages of the articu- 
lation of the sternum with the clavicle. 

Giokkbaub, C., Ueber die episternaJes Skelettheile nnd ihr Vorkommen bei den 
Saagethieren nnd beim Henscben. Jen. Zeitecbr. 1. — Pabkeb, W. K., Structure 
and development of the Shoulder-girdle and Sternum. Bay Soo. 1868. 



Fig. 238. Episternum, with the parts 
connected to it, of a young Opossum, 
fit Anterior end of the sternum (ossi- 
fied). ep Episternum (cartilaginous). 
cl Clavicle, c The first two ribs. 


Cephalic Skeleton. 

§339. 

The indifferent stage in which the head is fonnd in the Acrania 
it impossible to distinguish any distinct cephalic skeleton. 
It is, however, true that the head of the Oraniota is not an absolutely 
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new structure, and to the same extent the cephalic skeleton is not 
new. If the anterior respiratory portion of the body in Amphioxus 
corresponds potentially to the head of the Craniota, then the 
skeletal parts in it must be potentially homologous with a cephalic 
skeleton. This applies to that region of the notochord, and to 
the tissue derived from it, which encloses the anterior portion of 
the central nervous system, as well as to the framework of the 
respiratory cavity. 

In the Oraniota this anterior portion of the body is difEerent 
on the dorsal, as well as on the ventral, surface from what is behind 
it ; owing to the changes which take place in its functional import- 
ance, in consequence of its relations to a large number of other 
organs, it gets to differ in many special points, owing to the exist- 
ence of which it can be distinguished as the head ; and it conse- 
quently becomes of greater importance than the rest of the body. 
It stands in relation to the entrance of the alimentary canal ; it con- 
tains the most important of the sensory organs ; and affords a shelter 
to that portion of the central nervous system which is developed 
into the brain. These relations are, moreover, the cause of the 
metamorphosis which affects it. 

In the skeleton of the head we may distinguish — 1) the Skull, 
and 2) the Branchial skeleton. 

1) The Skull (cranium) is the name given to that part which 
is a continuation of the dorsal column, and is connected with the 
axial skeleton. It has many things in common with the former, for 
it corresponds to a number of vertebral centra and upper arches. 
This similarity is not only implied in its texture, but also in its 
structural relations, and in its relations to the central and peripheral 
nervous system. The chorda dorsalis is continued into the basal 
portion of the cranium, where it may either remain permanently, or 
disappear after a short time. With increased development of the 
higher sensory organs the cranium becomes of more importance. 
A hinder segment encloses on either side the auditory organ, and 
may be distinguished as the auditory capsule. Going forward, there 
is, on either side, a depression which affords shelter for the eyes 
(orbit), while in the most anterior part there are cavities for the 
reception of the olfactory organ. The primitive condition of this 
cranium is cartilaginous ; it forms the '^primordial cranium.^' 

2) With this cartilaginous skull there is connected, at the com- 
mencement of the alimentary canal, a system of arches, which is 
likewise primitively cartilaginous ; these branchial arches are, on 
the whole, similar to the riba of the vertebral column, but at the 
same time they are not altogether homodynamous with ribs. The 
various arches differ in form, but they all give indications of having 
been primitively similar. Their difference in form is due to a 
differentiation which has been brought about by adaptation to 
different conditions. 
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§ 340. 

The relations between the cephalic skeleton and the vertebral 
column were, in past times, the cause of attempts to show that the 
former was made up of various segments resembling vertebras ; from 
this point of view the cephalic skeleton seemed to be merely a modi- 
fication of the vertebral column. It was indeed believed that the 
characters of the various segments of the osseous cranium would 
be of aid in this comparison ; as a fact, however, these are of very 
uncertain value, as in dealing with them we have to do with a 
condition which has already been much modified. In other words, 
the cephalic bones which have been said to belong to three, four, or 
five so-called cranial vertebras,^^ have had very different origins, and 
are for the most part structures which primitively did not belong to 
the cranium. 

The examination of the primordial cranium of the lower Verte- 
brata, especially with reference to the nerves which pass out from it, 
shows that, although indications of its primitive composition out of 
metameres, homodynamous with vertebrae, can be made out, as 
might be supposed indeed, yet this metamerism of the cranium is not 
the same as that segmentation which is faintly indicated by the bony 
cranium. 

The view here adopted is chiefly based on the following points : 

1) It can be shown that the arches of the branchial skeleton 
form inferior arches which belong to the cranium. 

2) It follows that a general agreement may be made out between 
the visceral arches and the inferior arches of the vertebral column. 

3) The cranium is comparable to a portion of the vertebral 
column, which contains, at least, as many vertebral segments as there 
are branchial arches. 

4) In the cranium itself there are a number of important points 
in which it resembles the vertebral column. 

a) The chorda dorsalis which forms the base-work of the 
vertebral column passes through the cranium in just the 
same way as it passes through the vertebral column. 

1) All the nerves which pass out in this segment are homo- 
dynamous with the spinal nerves. 

c) The differences seen in the cranium, as compared with the 
vertebral column, may be explained as adaptations to certain 
conditions, which are external to the cranium; that is, 
as acquired arrangements. They lead us, therefore, to 
presuppose a condition, in which the cranium had not yet 
acquired these peculiarities, and when therefore it did not 
differ very greatly from the vertebral, column. 

5) The differentiation of the cranium appears therefore to 
be due to the concrescence of a number of vertebrae : such 
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oonorescenoe may also obtain in the vertebral column. Modifi- 
cations in the region, which thus became continuous, were brought 
about partly by influences which affected it directly from with- 
out, and partly by influences which affected it from/ within (the 
development of the brain). 

6) Inasmuch as those nerves only can be seen to have any 
likeness to spinal nerves which are found in that division of the 
cranium which is traversed by the notochord, it follows that this 
portion only can be derived from vertebrae ; the branchial skeleton 
also belongs to this portion. We must therefore distinguish between 
this portion of the cranium which is vertebral, and the anterior, 
or evertebral, portion, which does not exhibit any relations to the 
vertebrae. This latter is rather a secondary formation, although it 
has had its origin in the vertebral portion. 

The number of vertebrae, which enter into the composition of the 
cranium, are, so far as we yet know, nine at least. But this is by 
no means saying that the number may not have been much larger. 
Such a supposition is borne out by a large number of facts which are 
known to us with regard to the distribution and mode of origin of 
the nerves in the Selachii ; and these point also to the atrophy of 
visceral arches. The arrangement in Amphioxus is just as much to 
the point, for in it a large number of branchial arches are persistent. 
All that portion of the primitive spinal column (notochord and 
perichordal tissue), which extends along the branchial framework, of 
Amphioxus would then be homologous with that portion of the axial 
skeleton which, in the Oraniota, has passed into the cranium. 

Gegbnbaur, 0., Unfcersucliiingeii zur vergl. Anat. der Wirbelthiere. Ill, Das 
Kopfskelet der Selachier als Grandlage zur BeurtheUang der Genese des 
Kopfskeletes der Wirbelthiere, Leipzig, 1872, 


SkulL 

§ 341 . 

The skulls of the Oraniota are divided into two very different 
groups. In the one the above-mentioned internal branchial skeleton 
is well developed, and its most anterior segments take on the form 
of maxillary organs, and affect the form of the cranium by being 
either directly, or indirectly, connected with it. This arrangement 
obtains in the Gnathostomata. The other form is represented in the 
Oyclostomata, in which it is possible to make out indications of the 
same arrangements in the cephalic skeleton as those which are seen 
in the Gnathostomata ; but the differences are so great, that it is 
impossible to compaire all the parts with anything like exactness. 

The notochord is continued into the base of a capsule which 
encloses the brain, and which is, in comparison with other parts of the 
skeleton which are to be regained as belonging to the skull, of a 
remarkably small size. In Petromyzon two enlargements which 
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contain the auditory organ (auditory capsules) (/) are attached to the 
sides of this capsule (Fig. 239, d)y and below them two divergent 

bars are given off, which take a 



Fig. 239. Skull and commencement 
of the vertebral column of Petro- 
myzon marinue. A Median sec- 
tion. B Seen from above, a Noto- 
chord. b Spinal canal, c Eudiments of 
the vertebral arches, d Cartilaginous 
cranial cavity, d' Membranous por- 
tion of the cranial cavity, e Basis 
cranii. / Auditory capsule, g Nasal 
capsule, g* Falato-nasal passage. 
gr Its blind end. % Continuation of 
the bony palate, t Posterior cover- 
ing-plate of the mouth, k Anterior 
covering-plate. I Labial ring, m Its 
appendage (after J. Muller). 


curved direction forwards. An- 
teriorly, these are connected with 
a process which is given off from 
the cerebral capsule. An unpaired 
nasal capsule {g) is attached to the 
upper and anterior portion of this 
latter ; this capsule differs greatly 
in form in the Myxinoidea and 
Petromyzontes ; below this there is 
a broad plate of cartilage, which 
has a complicated apparatus placed 
below it, which covers in the oral 
opening from above (i h I m), and 
forms a firm framework for the 
palato-pharyngeal cavity. Poste- 
riorly the capsule of the skull is 
continuous with the spinal column. 

The second form of skull is dis- 
tinguished by being connected with 
an apparatus which encloses the 
opening of the mouth, and which 
is developed from a branchial arch ; 
this portion is more or less con- 
nected with the cranium. Part of it 


forms the lower jaw, and is always freely movable (Gnathostomata). 

This arch is differentiated into two pieces, which function as 
jaws; an upper one, the palato-quadrate, and a lower one, the 

cartilaginous lower jaw. 
The palato-quadrate is 
articulated with the base 
of the skull ; but it 
is enlarged horizontally 
backwards, and is con- 
nected with the second 
arch also, the upper 
portion of which is 
movably articulated with 
Fig. 240. Skull and visceral skeleton of a S elachian gtuH TJ 10 hvoid 

(Diagram), occ Occipital region, la. Wall of the o xi. * i x* 

iaby^th. eth Ethmoidal region, n Nasal pit. tornis tne lower portion 
a First, b c Second labial cartilage, o Superior, of this Second arch. 
» Inferior portwn of I. II fly. this upper portion 

Old arch, in’— Till (1 — 6) Branchial arches. ^ - 



often greatly developed, 
it gets the appearance of a supporting apparatus for the 
two primitive jaw parts, which are developed from the first arch, 
and is known as the hyomandibular. ITie rudiments of other 
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arches are embedded in the upper and lower lip, in front of the 
mandibular arch ; they are the labial cartilages. 

The parts, therefore, which are derived from the branchial 
skeleton and enter into closer relation with the skull are these : 

1) The two labial cartilages (Fig. 240, a and h c) ; the anterior 
one consists of one, the posterior of two pieces. 

2) The mandibular arch (1), which consists of a superior piece — 
palato-quadrate (o), and of an inferior piece — Slower jaw (w). 

3) The hyoid arch (12) ; of this the upper portion only (hyo- 
mandibular) has any intimate relations to the skull. 

We find various cartilaginous rods attached to all the arches, 
except the labial cartilages ; these are directed backwards, and afford 
support for the branchial pouches; they are known as branchial 
rays. They undergo various modifications; they are diminished 
in number on the palato-q^uadrate, but may be seen in the wall 
of the spiracular cleft, which represents a rudimentary branchial 
pouch (spiracular cartilage). 

We shall treat of these portions of the branchial skeleton with 
the skull ; the other arches {III — VIII) will be considered later on 
(§ 353). 

The arrangement we have described may be seen in the cephalic 
skeleton of the Selachii. All its parts are formed of cartilage, which 
is, as a rule, covered over by a thin calcified layer, which however is 
never ossified. In the cartilaginous cranial capsule the most anterior 
portion is formed by the ethmoidal region. On its inferior surface 
there is a nasal pit {n) on either side. The cranial cartilage is 
frequently continued forwards, and between these pits, into a process 
(rostrum). The succeeding portion, with its cavities, forms the 
orbits, which is overhung by cartilage above and behind. The next 
portion (Za) is the broadest ; at the sides this encloses the auditory 
labyrinth, and is continuous at its hinder surface with the last of the 
primary regions {occ) ; in some Sharks (Notidani) this hindermost 
region is continuous with the vertebral column. 

Teeth are developed in the mucous membrane which covers the 
palato-quadrate, as well as in that which covers the lower jaw;, 
and -this explains why these cartilages are so well developed. 
The hyomandibular is attached posteriorly to the palato-quadrate, 
and is either directly continuous with the lower part of the hyoid 
arch (Notidani), or is more freely attached to it. The hyomandibular 
is consequently greatly developed in the Sharks, and is converted 
into a kind of suspensorium, by gradually gaining a closer connec- 
tion with the lower jaw. Finally the hyoid portion ceases to appear 
to be a continuation of the hyomandibular ; in the Rays, indeed, it 
loses all connection with it, and the hyomandibular is then merely 
the support of the jaws. 

The skull of the Chimeer® is very different to this, for in it 
there is a continuous connection between the palato-quadrate portion 
of the first arch and the cartilaginous cranium. The manmbular 
portion, which is articulated with a process of the cranium, is the 

2 Q 
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only part of the first arch which is movable. The partly ossified 
skull of the Dipnoi has just the same characters. 

§ 342. 

The cartilaginous cranium is most completely retained in the 
Sturiones (Fig. 241) ; in the rest of the Ganoidei it is partly so ; in 
the Teleostei, and especially in Salmo and Esox^ it is more or less 
so. In most forms the ethmoidal portion remains cartilaginous. 
Henceforward, and all through the Vertebrate phylum, a cartilaginous 
cranium can be made out in the earliest rudiments of the skull ; 
howsoever modified, it may be derived from the primitive condition, 
and may therefore be regarded as a remnant of that condition. 

The degenerations which affect this primordial cranium are chiefly 
due to the ossifications which take place in it. Bony parts, which 
perform the function of organs of support and protection, better than 
cartilage does, take its place ; and the development of these bones. 



ir 


Fig. 241. Cephalic skeleton of Aoipenser sturio; after the removal of the cover- 
ing bones, r Bostrnm. n l^asal cavity, o Optio foramen, tr Trigeminal foramen. 
ap Spinous processes of the anterior portion of the vertebral column, which is fused 
with the cranium, p Falato-quadrate. m Mandible. Hm, Hyomandibular. a Sym- 
plectic. hr Branchial arches, r Bibs. 

which enter into connection with the cartilaginous cranium, is clearly 
the cause of the degeneration of the cartilaginous tissue. A higher 
and more complete arrangement has ousted the lower one. 

Bony pieces become connected with the cartilaginous pieces of 
the branchial skeleton, as well as with the cartilaginous cranium ; 
in this way the whole cephalic skeleton gradually passes from a 
cartilaginous into an osseous condition. The osseous elements which 
go to make it up are almost all derived from the dermal structures, 
which we met with as dermal denticles in the Selachii. S ome of 
these bones appear on the outer surface of the carti- 
laginous cranium, and form the covering bones of the skull 
(cf. supra, §325). They are plates which are formed in the 
integument, and owe their origin to the growth of placoid 
scales; in the Sturiones, already a number of them have 
taken up the same position as that which they retain in 
the higher divisions. 
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Others are formed in the mucous membrane of the buccal cavity, 
that isj in those parts of the cartilaginous arches of the mandibular 
and branchial skeleton which aid in forming the boundaries of this 
cavity. The origin of these bones may be seen, in the 
Amphibia, to be due to the concrescence of tooth-like 
structures, which are, indeed, similar to the dermal 
denticles, and which 
are also found on 
the covering of the 
buccal and branchial 
cavities in the Sela- 
chii. 

Dentigerous plates 
are formed by the fusion 
of some of these den- 
ticles, and these afford 
points of support for 
the necessary primordial 
skeletal deposits, and 
gradually become con- 
nected with them. In 
some of these plates the 
denticles are retained; 
in others they " disap- 
pear, or are no longer 
developed, so that their 
product — that is, the 
bone — is alone de- 
veloped ; and this, by 
investing or growing 
around the cartilage, 
forms a perichondrial 
ossification. The origin, 
therefore, of a large 



Fig. 242. Skull of Salmo salar. A Side view. 
£ Vertical median section. The cartilaginous parts 
are hatched, while the bones derived from the 
primordial cranium are dotted. Ob Basi-occipital. 
01 Exoccipital. Os Supra-occipital. Sq Squa- 
mosal. Fjp 0 Epiotic. Pr 0 Petrosal. Sb Basi- 
sphenoid. Als Alisphenoid. Or S Orbito-sphenoid. 
Fa Prefrontal. Fp Postfrontal. Fr Frontal. 
Na Nasal. Ps Parasphenoid. Vo Vomer. P® Pre- 
maxilla, gl Articular surface for the Hyoman. 
dibular. Fth Ethmoidal cartilage, vag Foramen 
for the exit of the vagus. 


part of the osseous ce 
phalic skeleton can be 
explained by the relations, which the ossifications of the external 
integument, and of the investment of the buccal cavity, have to it. 
The phylogeny, however, of a few of the cephalic bones is as yet 
unknown. 


Hbbtwig, 0., Ueber das Zahnsystem der Amphibien. 
Bd. XI. Supplement. 


Arch. f. mikr. Anat. 


§ 343. 


With regard to the various bones, we divide the primordial 
cranium into the regions which we have already distinguished. The 
occipital region is made up of four bones. The basi-occipital is a 
direct continuation of the centra of the vertebrae (Fig. 242, Ob). 
In its hinder portion there is a cavity which is filled by the noto- 
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chords and whicli corresponds to the anterior cavity of the first 
vertebral centrum. At its sides the exoccipitals [01) are attached to 
it ; these always enclose the greater part of, and sometimes nearly 
all, the posterior foramen magnum. The supra- occipital [Os) enters 
into it above ; this is often distinguished by a large vertical process, 
which resembles the spinous processes of the vertebral column. 

The next segment partly, at any rate, encloses the labyrinth, and 
the bones which compose it are named in accordance with this rela- 
tion. The most constant, and therefore the most important, is the 
petrosal (pro-otic) ; this contains, or, at least, limits posteriorly, the 
foramen of exit of the trigeminal nerve. It extends to the base of 
the skull, where it may become united with its fellow of the opposite 
side, within the cavity of the skull. The epiotic forms a second 
piece; this is attached above to the exoccipitals, and generally forms 
a projecting process (Fig. 243). A third one, the opisthotic (inter- 

calare), generally lies to the sides 
and front of the exoccipital, and 
varies greatly in character (Figs. 
243-6). As a rule this piece has 
no relations to the labyrinth, 
with which, however, other bones, 
such as the exoccipital, very 
frequently become connected. 
Lastly, an external covering 
piece of the primordial cranium 
belongs to this region, and 
gradually becomes closely united 
with it. It takes part in the for- 
mation of the articulation for the 
hyomandibular, and often develops a process which projects back- 
wards and outwards. This is the squamosal (Figs. 242, A 8q ; 243, 6). 

Great differences may be seen to obtain in the development of the 
bones of the next portion, which depend on the size of the cavity of 
the skull. When this extends far forwards, the walls of the primor- 
dial cranium are correspondingly more complete, while, when it is 
reduced in size, its walls are diminished, and are partly replaced by 
membranous structures. Thus, in many cases, there is a mem- 
branous interorbital septum ; or bones, which are well developed in 
other forms, are present in a rudimentary condition. 

The ossifications of this segment are the alisphenoid (sphenoi- 
dale laterale posterius) at the sides and behind, and the orbito- 
sphenoid (sphen. lateis* anter.) in front. In Amia, as in many Tele- 
ostei, the latter are separated from one another, while in other forms 
the pieces of either side unite at the base of the cranial cavity, and 
at li^t may fuse into one piece, or may be rudimentary. At the base 
of this segment there is a basi-sphenoid, which is derived from the 
cartilage of the primordial cranium; this is, as a rule, a bone of no 
great size ; it is connected superiorly with the alisphenoid. When 
the base of the skull is traversed by a canal for the optic muscles. 



Fig. 243. Posterior portion of a cranium 
of Gadus (side view). 1 Basi -occipital. 
2 Exoccipital. 3 Supra-occipital. 5 Para- 
spbenoid. 6 Opisthotic. 6^ Squamosal. 
7 Epiotic. 16 Prootic. 12 Postfrontal. 
il Frontal, c Articular surface for the 
hyomandibular. 
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whicli passes obliquely backwards from tbe orbit, tbis bone forms a 
pillar between the canals of either side. Not unfrequently it seems 
to disappear altogether. On the ventral side of, and along the pri- 
mordial cranium there extends the large parasphenoid (Figs. 242, Ps ; 
243, 5), which has been already seen in the Sturiones. 

It is seldom that the whole of the primordial cranium is retained 
on the upper surface ; as a rule, there are spaces in it, which are 
overlaid by covering bones. Nearest to the posterior primary region 
there are the two parietals (Fig. 244, 7) ; these are sometimes sepa- 
rated from one another by an anterior process of the supra-occipital 
(3). In front of them there are the frontals, which are often re- 
placed by a united frontal (11). At the sides of this are the two post- 
frontals (12), which extend as far as the squa- 
mosal, and take part in the articulation of the 
hyomandibular. 

In the ethmoidal region there is a median 
piece, ethmoidale medium (16), to the sides of 
which the lateral ethmoid s are attached (14) 

(frontalia anteriora. Cuvier). The latter 
form the base of the nasal capsules. The 
median portion of the ethmoids is often per- 
manently cartilaginous. The vomer forms the 
covering piece of the base of the ethmoidal 
region; posteriorly this is united to the para- 
sphenoid ; it is paired in Lepidosteus. 

§ 344. 

The mandibular apparatus of the Selachii Gadus^ fro^^above^ 
is not completely retained in the Ganoidei and 3 Supra-occipital. 4Epi. 
Teleostei, owing to the presence of bony struc- ® Squamosal, 

tures in its place. It is complicated by the 

union of the hyomandibular with the bones teral •fchmoid. 16 Mo- 
formed from the palato- quadrate cartilage. dian ethmoid. 

The primitive relations, as they are seen in the 
embryonic condition, show that it has been derived from the arrange- 
ments which obtain in the Selachii. While the anterior ends of the 
right and left palato-quadrate bones are connected by ligament in the 
Selachii and Sturiones, in the rest of the Ganoidei and in the Tele- 
ostei they are attached to the sides of the primordial cranium, and 
are separated from oue another by the ethmoidal region, the basal 
surface of which enters into the formation of ,the boundaries of the 
buccal cavity. 

The hyomandibular (Fig. 245, Hm) is almost always a large bone, 
which articulates with the squamosal and postfrontal. The sym- 
plectic (Fig. 241, s) is segmented ofE from it; in the Selachii this is 
represented by a process, but in the Sturiones it is an inde- 
pendent piece ; the lower portion of the hyoid arch is inserted at 
the point where the symplectic is connected with the hyomandibular. 
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The quadrate (Q) is segmented off from the palato-quadrate carti- 
lage ; it carries the glenoid cavity for the mandible. The angulated 
ectopterygoid {Ept) is attached to the front of the quadrate ; and 
between it and the hyomandibular there is the flattened fl-^d 
ordinarily quadrangular metapterygoid (Mt), ^ The entopterygoid is 
nearer the middle line than the ectopterygoid ; finally the palatine 
forms the most anterior end of the palato-quadrate cartilage ; it is 
generally movably connected with the skull. 

In front of the palatine there are two other bones, which are 
not preformed in cartilage; the hinder one, which is generally 
attached to the palatine, is called the maxilla (Fig. 245, Mx), and the 
anterior one the premaxilla (Px). They appear as new pieces, which 
henceforward play an important part. But it is exceedingly probable 
that they have their origin in the two upper labial cartilages of the 



Fig. 245. Side view of the cephalic skeleton of Salmo salar (cf. Fig. 242, .1). 
Fr Frontal. N Nasal, u Nasal pit. Pa Parietal. 8q, Squamosal, i i % i Infra- 
orbital bony ring. Km Hyomandibular. Sy Bymplectio (shown as if it were visible 
from the exterior). Mt Metapterygoid. Ept Ectopterygoid. Q Quadrate. Mx Max- 
illa. Pre Premaxilla. Art Articular. Ang Angular. D Dentary. Op Operculum. 

PrOp Preoperculum. Sop Suboperculum. Jop Interoperculum, lig Ligament. 


Selachii. Sometimes they are freely movable, and even protrusible ; 
in other cases they are more firmly connected with the skull. This 
is especially the case with the premaxilla, which is frequently united 
firmly to the most anterior portion of the ethmoidal region. They 
both bound the orifice of the gape, but when the premaxillse are 
increased in length, the maxillgo may be shut out from any share in 
it; while conversely, when the premaxillae are shortened, the maxillae 
acquire a larger share in this relation to the mouth. 

In the lower jaw the cartilaginous rudiment, or MeckeFs 
cartfiage, is very completely retained. It gives rise to the dentary 
which, as it were, ensheaths the cartilage. The articular (Art) 
is formed from the condylar portion of the cartilage, and below it 
there is the angular (Ang). On the inner face of the bony lower 
jaw a special bone is sometimes developed as a covering-piece for 
the cartilage ; this is the opercular. 
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§ 345. 

The skeleton of the operculum is one of the most important of 
the skeletal parts which are connected with, although they did not 
primitively belong to, the mandibular apparatus. In the Selachii 
there are cartilaginous pieces, which are sometimes bifurcated, in the 
place of this bony skeleton; these are set on both segments of the hyoid 
arch, where they form branchial rays. This cartUage is covered in 
by a common membrane, as is also the bony apparatus; the mem- 
brane is adapted to this latter, and converts it into a defensive 
arrangement, which extends over the postjacent branchial clefts. 

In the Sturiones the first to appear is the largest of these bones 
— ^the operculum ; and to it, in the rest of the Granoids, and in the 
Teleostei, the other bones are attached (Fig. 245). The preoper- 
culum [Ft Op) is developed in the cartilage which connects 
together the hyomandibular and symplectic. It is often more closely 
united to the constituent parts of the suspensorium. Behind 
the preoperculum is the suboperculum (/Sop), which is present, 
in addition to the operculum, in Ceratodus ; and then below it there 
is the interoperculum (Jop), which is connected with the lower 
jaw by a ligament (%). 

Accessory bones are formed from other pieces, which are 
developed from parts of the dermal skeleton ; the most important 
of these are the infraorbital bones (cf. Fig. 245, i Hi). They form 
a curved series around the lower edge of the orbit ; the hindermost 
piece is attached to the postfrontal, and the foremost to the lateral 
ethmoid. Some of these bones acquire a considerable size in the 
Cataphracta (Trigla). 

The nasals also belong to this series of bones, in consequence of 
their inconstant presence ; there are also many other pieces that are 
connected with the so-called mucous canal system, and which are 
modifications of scales. 

Veolik, a. J., Ueber die Verknbcherung u. die Enochen des Sohadels der 
Teleostei. NiederlUnd. Archiv f. Zoologie. I. — Pabkeb, W* K, Develop* 
ment of the Skull in the Salmon. Philos. Transact. 1873* 


§ 846. 

In the skull of the Amphibia the primordial cranium is some- 
times greatly developed. It very frequently, however, loses its roof, 
and also its floor, owing to the formation of spaces in the cartilage. 

The palato-quadrate is directly connected with the primordiaL 
cranium ; it is attached posteriorly to the auditory capsule of |||ie 
skull, while anteriorly it forms an arch around the orbits, and iiatfillhf 
projects freely forwards (as in the Urodela), or is connected with 
the cranium in the ethmoidal region. Behind, and at the sides, it 
carries the glenoid cavity. It presents therefore those relations 
which were seen in the Chimeeree, and in the Dipnoi ; and there are, 
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indeed^ many ossifications in the cranium of the Amphibia which 
resemble those in the DipnoY. 

The primordial cranium gives rise to a few bones only. In the 
posterior primary region the exoccipitals alone are present (Fig. 246); 
each of these gives rise to a condyle (co). The next region of the 
auditory capsule presents large lateral processes, which are attached 
more exteriorly to the hinder portion of the palato-quadrate. The 
anterior portion of this segment is provided with an ossification, the 
prootic. This contains the anterior portion only of the labyrinth, 
the hinder portion of which is contained in the exoccipital ; it also 
forms a foramen for the trigeminus. There are sometimes indica- 



Fig. 246. Skull of the Frog. A from above. B from below. C from behind. D from 
the side. In A and B the covering bones are removed from the right half of the 
cranium, so that the whole of the primordial cranium and its ossifications can be seen, 
and, in A, the spaces in the roof of the cranial cavity. Pa Fr. Fronto-parietals. 
Na Nasal. Ps Farasphenoid. Ty Tympanic. Pt Pterygoid. PI Palatine. Vo Vomer. 
J Jugal. Mx Maxilla. Px Premaxilla, o Exoccipital. Pe Prootic. co Occipital 
condyle. Co Columella, fo Fenestra ovalis. Exits of the nerves : 0 Optic. Tr Tri. 
geminus. Vg Vagus. In the lower jaw ; da Dentary. a Angular. Art Articular. 


tions of an epiotic. The fenestra ovalis is a cleft in the region of 
the labyrinth, which is covered over by a small piece of bone. 

In the anterior portion of the orbital region there are sometimes 
more or less extensive ossifications. They either embrace the lateral 
wall only of the cranium (Siredon), or form a circular piece of bone, to 
which Cuvier gave the name of rirdle-bone.^^ This bone may 
extend into the ethmoidal region, and even reach to the base of the 
nasal capsules. 

The paired parietals and frontals are covering bones. In the 
Anura these fuse together on either side to form a fronto-parietal 
{Pa Fr). In front of these, and separated from one another by 
the frontals, are the nasals, which we now meet with as constant 
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bones for the first time. At the base of the skull is the parasphenoid 
(Ps), which still retains very much the same characters as it had in 
Pishes, and in front of this, and in the ethmoidal region, there is a 
paired bone (vo), which is regarded as the vomer. 

The palato- quadrate is more simple in character than in Fishes. 
The whole piece sometimes remains for the most part in a cartilaginous 
condition. An ossification at the point whore it articulates with the 
lower jaw corresponds to the quadrate of Fishes. In many, the 
palato- quadrate is divided into an anterior and a posterior portion 
(Triton). It is not completely united with the cranium, for there is 
a distinct articular surface on its lower portion, between it and the 
cranial capsule (Rana). 

There are two covering bones on the palato- quadrate cartilage ; 
the upper one (Ty) is distinguished, in the Frog, by the possession 
of a strong process, which is directed forwards, and which probably, 
though by no means certainly, corresponds to the squamosal of 
Fishes. As it aids in supporting the tympanum, it may be called 
the tympanic. The lower bone is the pterygoid (P^), and it extends 
forwards along the cartilaginous arch. Its anterior end reaches as 
far as the palatine, whicli lies transversely behind the vomer (P/). 
In some of the Amphibia another bone is continued forwards in 
front of the glenoid cavity ; this is the so-called jugal (quadratojugal). 

The premaxilles (Pa^) and maxilla (Mx) appear as covering bones 
of the primordial cranium ; relations which obtain in many Fishes 
lead to this condition. The maxilla varies greatly in the extent 
to which it is developed laterally; in the Anura it ordinarily extends 
as far back as the jugal. The premaxilla is connected with the 
primordial cranium by a process which projects forwards in the 
middle of the nasal region. 

These maxillary bones did not primitively bound the opening of 
the mouth, as the presence of special cartilages (rostral and adrostral) 
in front of the primordial cranium of the larvae of Anura distinctly 
shows. 

In the lower jaw the primordial cartilage is present, as in Fishes, 
and bony parts are developed in connection with it, which essen- 
tially correspond to those of Fishes. 

Fabkeb, W. K., Bevolopment of the Skull in the Frog. Philos. Trans. 1871.— 
WiEDERSHEiM, B., Das Eopfskelet der Urodelen. Morphol. Jahrb. 111. 


§ 347 . 

The skulls of the Sauropsida have much in common with on© 
another, whilst they are far removed from the skulls of the Am- 
phibia, and from those of the Mammalia, 

The primordial cranium, as a rule, has the roof incomplete, but 
it is much more completely ossified than in the Amphibia, while the 
great size of the bones which are developed in, and from, the palato 
quadrate cartilage leaves but a small portion of the true crania 
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visible. The greater development of the cranial capsule in Birds is 
the cause of its parts being more distinctly visible than they are in 
Reptiles, 

In the occipital region we can make out the four bones which 
were present already in Fishes. Of these, the basi-occipital and the 
exoccipitals take part in the formation of a single occipital condyle. 
The relation that the bones have to the foramen magnum varies a 
good deal. In the Chelonii the supra-occipital is continued into a 
large crest. As in the Amphibia there is a 
fenestra ovalis in the osseous auditory cap- 
sule j and in addition to it there is a fenestra 
rotunda, which is closed by membrane. In all 
Birds and Reptiles the petrosal (prootic) lies 
in front of the exoccipital ; its anterior edge 
is distinguished by the foramen for the third 
branch of the trigeminal. Another bone (opis- 
thotic) unites with the prootic to form the 
boundary of the hinder portion of the fenestra 
ovalis ; but it does not remain separate in any 
but the Chelonii, as in other forms it fuses 
with the exoccipital. In addition to these, 
there are several, and in Birds numerous, ossifications which arc 
independent for a short time ; these cannot be definitely regarded 
as similar to any distinct cranial bones in the rest of the Vertebrata. 
In Birds all the constituents of the auditory capsule fuse with the 
neighbouring bones, as well as with one another. 

In the Ophidii the squamosal (Fig. 249, 0 8q) is a projecting 
bone, which carries the quadrate. In other Reptiles, and in Birds it 
has the same position, but is more embedded between the auditory 
capsule, parietals, and post-frontal, and is partly set in the roof of 
the tympanic cavity. 

The sphenoidal segment varies in size according to the extent of 
the cranial cavity. A basi-sphenoid is generally present, as is also the 
presphenoid, which is ordinarily small ; the parasphenoid is no longer 
developed. Two bones, however, which are seen at the base of the 
temporal region in Birds, and which fuse with one another (basi- 
temporals), may be regarded as parts of a parasphenoid. In Birds 
there is an alisphenoid, and also an orbito-sphenoid— in the Ratitse, at 
least — which represent the side-wails of the skull. The Crocodilini, 
also, are provided with an alisphenoid. In most of the Saurii, 
however, there is an interorbital membranous septum, in which 
indications merely of this bone can be made out. 

In the Saurii (Lacerta, Varanus, Podinema) there is a bone which 
extends from the parietal to the pterygoid (columella) (Fig. 248, 
A co) ; in the Chelonii this is represented by a broad plate of bone, 
which passes straight down from the parietal, and which takes a 
share in the limitation of the cranial cavity; in the Ophidii there is 
a similar process, which embraces the cranial cavity, and extends on 
to the frontal. 



Kg. 247. Skull of a 
Ghelonian seen from 
behind. 1 Basi-occipital. 
2 Exoccipital. 8 Supra- 
occipital. 5 Basi-sphe- 
noid. 16 Prootic. 

17 Quadrate. 
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The covering bones are : the 
and Aves), or unpaired (Ophi- 
dii, Saurii, Orocodilini) (Fig. 
248, Pa), The frontal also 
is unpaired in most of the 
Saurii, and in the Orocodilini 
(Fig. 248, B Fr), It is paired 
in Lacerta and Monitor (Fig. 
248, A Fr), and in the Ophi- 
dii, Ohelonii, and Avea. In 
the Reptilia the postfrontals 
limit the posterior edge of 
the orbit (Pigs. 248, Pf; 249, 
BOPf). 

In the middle of the 
ethmoidal region there is a 
considerable remnant of the 
primordial cranium (Ohelonii). 
The lateral ethmoids (pre- 
frontals) bound the anterior 
edge of the orbit in Reptiles ; 
in Birds they appear to be 
connected with the median 
portion of the ethmoid. The 
vomer is paired in the Ophidii 
and Saurii (Fig. 250, Vo), The 
nasals are almost always absent 
from its upper surface in the 
Ohelonii, and in some of the 
Saurii. A new covering bone 
which is seen on the outer 
face of the ethmoidal capsule 
Saurii, Orocodilini, and Aves (j 


parietals, which are paired (Ohelonii 



Fig. 248. Skull of Eeptilia; seen from 
abore. -4 Monitor. B Crocodile. Os Supra- 
occipital. 0 Occipital Condyle. Pa Parietal. 
Pf Postfrontal. Fr Frontal. Prf Pre-frontal. 
L Lachrymal. N Nasal. Sq Squamosal. 
Qj Quadratojugal. Ju Jugal. Q Quadrate. 
Mx Maxilla. Px Premaxilla, co Columella. 


3 the lachrymal ; it is found in most 
igs. 248, 249, L), 


§ 348. 

The anterior portion of the primitive palato- quadrate cartilage 
undergoes atrophy very early, so that the bones which belong to it 
are partly developed on the skull itself. The hinder portion of 
the palato- quadrate persists as the quadrate (Fig. 249, Q), The 
quadrate is movable in the Saurii, Ophidii, and Aves, while in 
the Ohelonii and Orocodilini it is firmly united to the skull. The 
whole complex of bones, which is differentiated in the palato- 
quadrate cartilage, is intimately and immovably connected with the 
cranium, while, when the quadrate bone is movable, some, at least, 
of these bones are also so. 

Another character is due to the development of the nasal 
cavity (see also § 413). The bones, which in Fishes are placed 
at the sides of the base of the skull, extend to the middle 
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line, so that the base of the skull is more or less shut off from taking 
any part in bounding the buccal cavity. The nasal cavities, which 
in the Amphibia lead into the buccal cavity at the very anterior 
edge of the skull, have their internal orifices always placed farther 
back in the Reptilia, owing to the union of the horizontal processes 
of the maxillae, palatines, and pterygoids in the middle line, and in 
front of them. In this way the nasal is more completely shut off 
from the buccal cavity, and forms an upper cavity, the base of which 
is the roof of the mouth — that is, is the ‘^hard palate.^^ These 


7h 



S foo ^ 


Fig. 249. Side views of Skalls. .4 Struthio. 2^ Crocodilus. 0 Python. 0? Ex- 
occipital. Os Supra- occipital. Ft Pterygoid. Pal Palatine. Tr Transverse. Col Colu- 
mella. fov Fenestra ovalis. 8 Foramen for the trigeminal nerve. The other letters 
as in the preceding figures. 


changes are least marked in the Saurii, Ophidii, and Aves, more 
so in the Chelonii, and most completely so in the Crocodilini. 

The parts that form the suspensorium in Fishes (hyomandibular 
and symplectic) have undergone just the same fate as in the 
Amphibia; or, in other words, they have no longer any relation to 
the cephalic skeleton. The columella auris and the parts con- 
nected with it are developed from its rudiments, partly a bony, and 
partly a cartilaginous skeletal bit which has entered into the service 
of the auditory organ. 

When the quadrate is movably united with the skull (Ophidii, 
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Saurii, Aves), articulations, more or less well developed, appear in 
those parts of the maxillo-palatine apparatus which are attached to it. 
These are not present in the Crocodilini and Ohelonii, where the 
quadrate is jammed between the squamosal and the bones of the 
auditory capsule. Spheuodon presents an intermediate arrangement; 
its skull is on the Saurian type, but the quadrate is firmly united 
with the pterygoid and squamosal. 


§ 349. 

Two sets of bones, which extend forwards, are attached to the quad- 
rate, just as in the Amphibia. Nearer the middle line we find — in 
Birds, Serpents, and Lizards 
— the pterygoid (Fig. 250, A 

Pf) articulated with the base 
of the cranium. The two » 

bones are united suturally 
in the middle line in the 
Cheloniiand Crocodilini, and 

are also firmly attached to JW 

the base of the skull (Fig. r lUi \ A 

251, Ft) ; in the latter they IM 1 M jk^iA 

bound the posterior nares. Jl *‘'6 | MW A 

In the Ophidii, Saurii, and 

Crocodilini, there is an ex- 

ternal pterygoid (Os trans- \BR i 

yersum, Fi|s. 250, A Tr; W^r' \ 

251, B Tr) which connects ffiL | /^Tr ^ 

the pterygoid with the 
maxilla; it is uncertain 

whether this corresponds to U ^ 

the ectopterygoid of fishes. Spb 

In front of the ptery- 
goid lie the palatines (PaZ) ; \ 

in the Chelonii and Croco- | 
dilini they are united su- 
turally in the middle line, 

1 1 . • a •• Fig. 250. View of the base of the skull. XOf 

but in the Ophldll, Sauril, Monitor. B Of Struthio. Oh Basi-oocipital. 
and Aves, they are separated o Occipital condyle. OlExoccipital. 8'ph Basi- 
f rom one another and form sphenoid. Q Quadrate. Bt Pterygoid. Tr Trans. 

a. I.ter.1 boaadarie. of T™*; 

the posterior nares (Fig. process. Pa? Premaxilla. 

250, Pal), In the Chelonian 

skull the vomer (Fig. 251, A Vo) reaches to the roof of the cavity 
of the mouth and lies between the palatines, while above the nasal 
cavity the palatines unite together at the base of the cranium. In 
Birds the palatines are generally long and flat bones (Fig. 250, B 
Pal), which are connected at their anterior end with a process of 
the maxilla (Mx), or fused with a process of the premaxilla. 
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In most Saurii (and in Ohelys among tte Clielonu), as m tlio 
Birds, the premaxill® ' are fused together; in the latter they are 
distinguished by the possession of a long |^ntal process. Iheir 
size is correlated with that of the beak, the form of which is larply 

due to the share 



that they take in it. 
They are rudimen- 
tary in the Ophidii 
(Fig. 249, C Px) 
and small in the 
Chelonii. The max- 
illa therefore forms 
the greater portion 
of the boundary 
of the edge of the 
lower jaw {Mx ) ; 
this bone is of great 
size in the Croco- 
dilini and Saurii, 
aud very large in 
the Ophidii, in 
which also it is 
capable of a large 
amount of move- 
ment. 

There is a lateral 
series of bones at- 
tached to the quad- 
rate; The first of 


Fig. 251. View of the base of the skull, Of Chelonia. these is the ^uad- 

C 

Pt 

maxilla. Pa Parietal. Pfr Post-frontal. Fr Frontal, it is connected with 
Ch Posterior nares. E Eustachian tube. quadrate at the 

point where this 

bone is united to the skull. It is continued forwards into a second 


Ui urocoaiiuB. uo jjasi-occipnai, vi jBixoccipitai. rato-iugal; this IS 
Occipital condyle. Spb Basi-sphenoid. Opo Opisthotio. rwxhi* 

Ptelrygoid- P®* Palatine. Vo Vomer. Q Quadrate, absent in the ^hl- 
Ouadratoineal. Tr Transverse. Mx Maxilla. Px Pre- dll, in the baurii 


piece, which is partly connected with a post-frontal, and partly 
with a jugal which passes round the lower edge of the orbit. In 
Birds the quadrato-jugal (Fig. 250, B Qj) is a slender piece of 
bone, which arises from the side of the mandibular joint of the 
quadrate. In the Chelonii and Crocodilini it is connected with a 
larger portion of the quadrate, and supports the jugal, which aids in 
bounding the orbit. 

In all cases the lower jaw is articulated to the quadrate, and is 
made up of the same parts as in Fishes, to which, however, a supra- 
angular and a complementary bone are added on. 

In the Chelonii and Aves the two dentaries fuse very early ; in 


Birds the other bones retain indications merely of their primitive 
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separation. The two halves of the jaw are movably connected 
together in the enrystomatoos Ophidii. 

Parker, W. K., Stracfcaro and development of the skoll in the Ostrioh tribe. 
Philos. Trans. 1866. — The same, On the sfcraotnre and development of the 
skull of the common Fowl. Phil. Trans. 1869. 

§ 350. 

• 

In the Mammalian sknll the cartilaginous primordial cranium is 
ordinarily developed in the basal region only, and limited to the early 
stages of development. That part of the skull which is derived 
from the cartilaginous cranium is in this group also to be distinguished 
from the parts which are developed from other elements, but it 
becomes intimately con- 
nected with them. As 
a capsule for the brain 
it is itself larger, and 
is enclosed by a larger 
number of bones. It is 
more distinctly divided 
into different segments 
than it is in the lower 
divisions, but this must 
be regarded as a secon- 
dary adaptation (§ 340). 

In the occipital seg- 
ment the lateral pieces 
(Fig. 252, 01) always 
unite with a part of the 
basi-occipital (Fig. 253, 

Oh) to form the posterior 
occipital condyles, by 
which they bound the 
foramen magnum, while 
superiorly they enclose between them the supra-occipital {Os). This 
latter may be shut out from the edge of the foramen magnum. The 
four pieces almost always fuse together, but they may remain long 
separate (Marsupialia). In many Mammals (several Marsupials, 
Ungulates, etc.) the exoccipitals send down long processes (pwi) 
(Paramastoid processes). 

In the region of the auditory capsule separate ossifications in the 
cartilaginous portion can be seen in the earliest stages only. They 
ferm centres of ossification which partly correspond to the bones in 
Fishes and Eeptiles; these soon fuse into a single piece, the 
petrosal (Pe), the greater part of which gets to be placed at the base 
of the cranium as the skull grows out laterally. The lateral portion 
of the petrosal is overlaid by other bones, which are developed from 
the metamorphosis of the branchial skeleton, and becomes converted 
into the middle wall of the tympanic cavity, in which there is a 



Fig. 252. Lateral view of the cerebral portion of the 
Skull of a Goat. 01 Fzocoipital. Os Supra-oocipital. 
Jp Interparietal. Pa Parietal. Pe Petrosal. 

Squamosal. Ty Tympanic. Spb Basi-sphenoid. 
As Alispheuoid, Ors Orbito-sphenoid. Ft Frontal. 
.Na Nasal. L LacbrymaL Ju Jugal. Jlfir Mazillare 
Buperius. Fal Palatine. Ft Pterygoid, pm Para- 
xxiastoid process, si Styloid process. 
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fenestra rotunda as well as a fenestra ovalis. The posterior portion 
of the petrosal, which is likewise ossified from an independent centre, 
is attached to the sides of the exoccipitals, and is distinguished as 
the mastoid portion, in consequence of its carrying the mastoid 
process in Man. Superiorly, the squamosal (8q) is attached to the 
petrosal, and is sometimes fused with it to form the temporal bone, 
of which it then forms the squamous portion.^^ In some forms it 
is completely shut out from the cranial cavity; in others a small 
portion only can be seen from the inner surface of the skull (Cetacea, 
Ruminants). It is in the Primates only that this portion is of any 
great size, and this leads to the well-known arrangement which is 
seen in Man. A process (zygomatic process) of the squamosal which 
is directed forwards, takes part in the formation of the jugal arch. 

In front of the temporal region is the sphenoidal region, which 
is made up of two perfectly developed segments. The basal 



Fig. 253. Vertical median section through the same 
skull. Oh Basi-occipital. Ps Presphenoid. Eth Eth- 
moid (vertical plate of the cribriform bone, the anterior 
edge of which is continued into the cartilaginous par- 
titions between the nares, which is not seen in this 
figure). Eth Turbinate bones. 7o Vomer. «/ Frontal 
sinus. The other letters as in the preceding figure. 


piece of the hinder 
one (basi-sphenoid) 
(Fig. 253, 8ph) abuts 
directly on the basi- 
occipital, and carries 
at its sides the aim 
temporales (ali - sphe- 
noids) . The presphe- 
noid with its aim orbi- 
tales (orbito-sphenoid) 
(Ps) lies in front of 
the basi - sphenoid. 
The two median pieces 
are separate through- 
out life, or for a long 
time, in Mammals. 
In Man they fuse very 
early to form the so- 
called body of the 


sphenoid. 

In the roof of the skull we again find the well-known covering 
pieces, which increase in extent as the cranial cavity grows larger. 
The parietals (Figs. 252, 253, Pa) are often fused together (in the 
Monotremata, many Marsupialia, the Ruminantia, and Solidungula). 
Between them, a special bone, which marks ofE the supra- occipital, 
projects from behind forwards; this interparietal is generally, as 
in the Primates, fused with the supra-occipital (Figs. 252, 253, Jp), 
but, at times, with the parietals (Rodentia and Ruminantia). 

The frontals (Fr) are attached to the aim orbitales; they are 
always paired ; they are fused in some, as in Elephas, Rhinoceros, 
and also in the Prosimim, Insectivora, Chiroptera, and Primates. 

The most anterior segment of the primordM cranium presents 
the most important modifications. It is developed into the wall of 
the nasal cavity owing to the formation of various laterally and 
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inwardly projecting proqesses. Below it, lie the skeletal parts of 
the maxillo-palatine apparatus, and to these a median lamella of 
cartilage, which forms the wall of partition of the nasal cavity, is 
sent down. The vomer is developed as an investing bone on this 
plate (Fig. 253, Vo), Two ethmoidal pieces are formed by the 
ossification of the two lateral halves of the ethmoidal cartilage, and 
of the lamellar processes (turbinate bones), which are given off ffom 
it. They bound a portion of the cranial cavity in front of the pre- 
sphenoid, and are fenestrated to allow for the passage of the olfactory 
nerve. In Ornithorhynchus there are only two orifices in this region, 
but they are many more in all other forms, so that this portion is 
converted into the cribriform plate. An unpaired bone is formed by 
the fusion of the two lateral halves with the median piece (lamina 
perpendicularis) (Fig. 253, Eth). 

The turbinals vary greatly in character, and by the development 
of multi-ramified lamellaB aid in increasing the size of the nasal 
cavity. The ethmoidal segment is, as a rule, covered by other bones, 
and especially by those which form the maxillo-palatine apparatus ; 
and that to such an extent that no part of it at all can be seen 
from the outside. Except in some Edentata, it is in the Primates 
only that a portion of the lateral surface reaches to the median 
boundary of the orbit, where it forms the lamina papyracea.^^ 

The lachrymals and the nasals form the investing bones of the 
outer surface of the ethmoidal region. The former (L) are less 
constant, and often seem to pass into the neighbouring bones, so 
that they, as for example in the Pinnipedia, are absent as separate 
pieces. They are wanting, also, in the Delphinoidea. As in Reptiles 
and Birds they form part of the anterior wall of the orbit, and also 
appear on the facial surface of the skull, from which they extend 
backwards to the median wall of the orbit, in the Primates. 

As to the nasals (Na), they exhibit merely subordinate variations, 
which are expressed partly by degeneration (Cetacea), partly by a 
considerable increase in size. Their size is proportional to that of 
the nasal cavity, and is correlated with an elongation of the facial 
portion of the skull. They are small in the Primates. 


§ 351. 

The most important peculiarities in the Mammalian skull are 
seen in the part which is developed out of the primitive branchial 
skeleton. A bone which corresponds to the quadrate lies on the 
outer surface of the auditory capsule. It forms an auditory ossicle, 
the incus. 

The skeletal parts, which are developed in front of the quadrate, 
and along the base of the skull, are intimately connected with the 
cranium. 

The pterygoids (Fig. 253, Ft) are generally flat pieces of bone, 
which are placed on the inner surface of the large processes which 
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are developed from tlie basi-sphenoid. They form the side-walls of 
the posterior nares, and may also limit these orifices below by 
uniting together in the roof of the palate (in Echidna, Dasypus, and 
some Cetacea). In most Mammals they are permanently distinct, 
as they are also, for a very long time, in the Primates, before they 
unite with the above-mentioned processes of the sphenoid to form 
the medial lamellae of the descending pterygoid processes. The 
palatines generally form the inferior boundary of the posterior 
nares, and the hinder portion of the hard palate. The maxillae 
vary in length according to the extent of the facial region, and 
always form the largest portions of the upper jaws. The premaxillae 
vary more considerably ; as a rule, they also take part in the forma- 
tion of the side walls of the nasal cavity. They are rudimentary, 
or, as compared with the maxillae, feebly developed in many 
Ohiroptera and Edentata. They bound the foramen incisivum. In 
the Apes they fuse with the maxillae ; this union takes place so early 
in Man that their existence was justifiably doubted for a long time. 

The outer series of bones, '^hich is present in the Sauropsida, and 
which extends from the quadrate to the maxilla, is reduced in Mammalia 
to the jugal; this bone unites the jugal process of the squamosal with 
the maxilla, and so forms the jugal arch. In a few forms the jugal 
is absent (Sorex), or, though united with the maxilla, does not reach 
the jugal process (Myrmecophaga, Bradypus). When it is united 
with a process of the frontal it gives rise to a posterior wall for the 
orbit, and so separates this region from the temporal fossa ; there 
are various stages of this arrangement. This process is most com- 
plete in the Primates, where the orbital fissure represents the re- 
mains of the wide communication which exists between the orbit 
and the temporal fossa in other Mammals. 

In the Mammalia a tympanic bone is developed on the outer 
face of the petrosal ; this serves as a support for the tympanic 
membrane. It is not certain that this bone is homologous with the 
one of the same name which we found in the Amphibia. At first it 
always forms a bony incompletely-closed ring (annulus tympanicus) 
(Pig. 254, at)j which grows out into very various forms. In the 
Monotremata and Marsupialia, as well as many Insectivora, etc., it 
is never more than a simple ring. In many forms it is never 
united to the petrosal; in the Cetacea it is very loosely so. In 
many it forms a bony capsule which is continued into the external 
auditory meatus. A bulla of this kind is most common in the 
Marsupialia, Rodentia, PeraB, and in the Artiodactyla. In some 
Marsupials, where the tympanic does not pass beyond the annular 
condition, there is an apparently similar bulla, but this is formed 
by an extension of the bases of the alae temporales (Dasyurus, 
Petaurista, Perameles). When the tympanic is fused with the 
petrosal and squamosal it takes part in the formation of the temporal 
bone (Primates). 
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§ 352. 


^ Very early in development, tlie primitive cartilage of tlie lower 
]aw turns ofE from tliat line of difEerentiation wLicli obtains in the 
rest of the V ertebrata. The part, which, in others, forms the articular 
bone is converted into one of the auditory ossicles, the malleus (Pig. 
254, m); the Meckelian cartilage (p), which is never developed beyond 
the cartilaginous stage, 
is continuous with it. 

The dentary forms an 
investing bone on the 
outer surface of this car- 
tilage. It abuts in the 
middle line on its fellow 
of the opposite side, and 
unites with it to form 
the lower jaw ; this is 
articulated to the skull 
on the lower surface of 
the jugal process of the 
squamosal. It repre- 
sents therefore a new 
formation, though the 
primitive one has not 
disappeared, but per- 
sists in other relations. 

MeckePs cartilage (i?) is 
retained for some time 
longer on the inner sur- 
face of the lower jaw, 
but then disappears; the only portion of it which persists is the 
part which is placed within the tympanic cavity, and which extends 
to the Glaserian fissure, where it is ossified to form the processus 
folianus mallei. The early differentiation, and the, at first, relatively 
large size of the auditory ossicles, shows that they must be regarded 
as skeletal parts, Vhich in a lower stage were much more developed 
in size. 



Fig. 254. Lateral view of the skull of a human 
foetus, with its auditory ossicles. Part of the upper 
wall of the tympanic cavity and the tympanic mem- 
brane have been removed, at Tympanic ring from 
which a piece has been removed superiorly, m Mal- 
leus. ma Manubrium of the malleus, p Meckel’s 
process extending along the inner side of the 
lower jaw. i Incus, s Stapes, st Styloid process. 
Ut Stylohyoid ligament extending to the anterior 
cornu of the hyoid, t Mastoid foramen. 


The two halves of the lower jaw are permanently separate in a 
large number of Mammals ; in others they unite early (Perissodactyla, 
Ohiroptera, Primates). Low morphological conditions are implied 
by the straight mandibles of the Monotremata, in which there is 
no distinct coronoid process ; in some others, also, this process is 
merely indicated (Cetaoea). 

The piece which is developed from the upper portion of the 
primitive hyoid arch (hyomandibular of Pishes) appears to form the 
rudiment of a third auditory ossicle — ^the stapes. 


2 H 2 
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Branchial Skeleton, 

§ 853. 

A ventral system of arches is connected with the most anterior 
portion of the axial skeleton, and forms the organs of support for 
that portion of the alimentary canal which functions as a respiratory 
cavity. The number of arches, and the backward extension of this 
apparatus, depends on the size of this respiratory cavity. We meet 
with two very different types of these structures. 

The first type is found in the Acrania (Amphioxus). In this 
framework there is a cartilaginous arch around the mouth — that is, 
in its most anterior portion ; this arch is beset with cartilaginous 
rods which are directed forwards. The rest of the apparatus is 
formed of a homogeneous substance, which forms, as in Balano- 
glossus (cf. § 112), a complicated lattice-work. The branchial bars 
of either side are independent of those on the other ; that is to say, 
they are not united along the ventral line. 

We cannot derive the second type, which obtains in the 
Craniota, directly from this. In its earliest stage it is made up of 
cartilaginous 'pieces only ; these do not form so large a number of 
arches as exist in Amphioxus, and are, while completely symmetrical 
as regards their arrangement, united ventrally by a copula. 

In the Cyclostomata the branchial skeleton is made up of com- 
plicated cartilaginous bars, which are connected inferiorly with one 
another, as well as with either side of the spinal column superiorly ; 
owing to their superficial position they may be spoken of as forming 
an external branchial framework. Very evident signs of this 
are retained by the Selachii, but in them there is another, or 

internal, organ of sup- 
port; and this is found in 
all the rest of the Yerte- 
brata. 

The various arches pre- 
sent indications of their 
primitive similarity ; this 
disappears in consequence 
of the gradual change in 
their functional relation, 
which is due to a divi- 
sion of labour. We were 
obliged to speak of some 
of these arches in deal- 
ing with the cranium; so 
that now they need be but briefly considered. The first of them 
surrounds the entrance to the alimentary canal, and is divided into 
two pieces ; one, superior, the palato-quadrate (Fig, 255, o), and the 
other inferior, the primitive lower jaw (t/). The succee^g pairs 



Fig. 255. Skull and branchial skeleton 
of a Selachian (Diagrammatic), ah c Labial 
cartilages, I Man^bular arch, o Upper, u Lower 
portion. II Hyoid arch. Ill— Fill Branchial 
arches. 
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o£ arches either retain their primitive function of being supports 
for the branchial arches, or undergo a number of modifications. 

All these arches evidently had the same original function. Their 
relation to the respiratory apparatus has not disappeared in the first 
pair only, which has been converted into jaws ; the hinder arches 
also have gradually lost their functional and anatomical characters ; 
it is, therefore, reasonable to suppose that this is but the last of a 
series of reductions, which first commenced on a much larger 
number of arches. If this is so, the branchial skeleton of the 
Craniota is the remnant of an apparatus, in which there were 
primitively a far larger number of arches. This view is supported 
by a comparison with Amphioxus, as well as by the considerations 
to which we are led by a study of the branchial apparatus and of 
the peripheral nervous system. 

As we pass through the Fishes to the Amphibia we may note 
how this apparatus gradually loses its primitive relations ; while in 
the Reptilia and all higher forms it has no relation at all to the 
respiratory organs. 

§ 354. 

All the branchial arches are united ventrally by azygos pieces— 
the copulm. The various arches are always segmented into a 
number of pieces, which are generally movably united with one 
another. The upper portion of the hyoid, as above described, as well 
as of the mandibular arch, enters into relations with the cranium; 
these arches thus lose all connection with the other arches, with which 
the lower portion only of the hyoid arch is still connected. 

The succeeding arches are either slightly connected with, or 
only indirectly united to, the cranium ; this is effected by their 
being attached to the base of the skull, or, when their point of 
attachment is more extended, to the commencement of the vertebral 
column. In many Selachii the hyoid arch has the same conformation 
as the branchial ones (Fig. 255, II). As a rule its copula is in- 
creased in size, and affords a support for the tongue. In the 
Selachii and Chimaerm this arch retains its primitive function of a 
branchiferous portion of the skeleton. This relation disappears in 
the Ganoidei and Teleostei, where this gill is rudimentary, and the 
rays of the upper portion, which is converted into the hyomandi- 
bular and symplectic, are represented by the opercular apparatus 
(§ 345). 

The lower portion of the hyoid arch, or true hyoid, has then 
bony instead of cartilaginous rays (Pig. 256, I r, branchiostegal 
rays), and a membrane extends between them which covers over the 
whole of the branchial apparatus. The hyoid arch thus develops 
an organ of defence for the respiratory apparatus. 

There are five pairs of arches connected with the respiratory 
apparatus; occasionally there are six or seven (Notidani). No more 
than five are ever found in the Osseous Fishes. While the 
anterior arches (I II III) are always provided with copulm {f g)i 
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the hinder ones (IF V) are united to a single piece (a), and are always 
degenerated, both in size and number. The last pair of all (Fi), which 
merely consists of a single piece on either side, carries no gills ; in 
the fifth arch also there are often gill-lamellaa on one side only ; in 





Fig. 256. Hyoid and branchial arches of Perea fluviatilis. I — FI Arches; tho 
first (I) is converted into an organ for the support of the hyoid; the next four (II — 7) 
are branchial arches, and the last (FI) forms tho infra-pharyngeal bone, a 1) c d 
Segments of the arches. The uppermost piece (d) forms the supra*pharyngeal bones, 
r Branchiostegal rays, f g h Copulro (after Cuvierjk 


the last, however, dental structures are more completely developed, so 
that this piece is often capable of functioning as a masticatory 
organ. In the Pharyngognathi the rudiments of the last arch, on 
either side, are fused into one piece. 

We meet with other modifications of the posterior branchial 
arches in the Labyrinthobranchiata, and in various Olupeidee ; these 
are due to the conversion of various segments of the arches into the 
walls of spaces into which water Is received. 

Just as the hyoid arch of the Selachii is provided with cartila- 
ginous appendages, so also the succeeding arches are beset with 
cartilaginous rays which support the walls of the branchial pouch. 
Even these structures are rudimentary in the Ganoldei and Teleostei, 
where they form fine cartilaginous lamellae, placed between the rows 
of the branchial folds. 


§ 355 * 


The branchial skeleton of the Amphibia is considerably reduced j 
such forms as undergo a metamorphosis have the gills reduced, and 
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present at the same a gradual change in this apparatus. It is 
retained in the Perennibranchiata, and undergoes slight changes 
only in the Derotremata. It is made up of four or five pair^ of 
arches ; the first of which, as in Fishes, forms a hyoid arch 
257,6). The suc- 


ceeding arches are 
united to a com- 
mon copula. The 
posterior ones do 
not severally ex- 
tend as far as it, 
but are connected 
together on either 
side. In correlation 
with the reduction 




of the arches, the CO- Fig. 257. Hyoid, and bran- Fig. 258. Hyoid of Bufo 

pulse are increased cinerens. a Copula. 6 Cor- 

■T . pp- , Salamandra maculosa, nua of the nyoid. c Eem- 
in S^e. ine only b Hyoid arch, cc' Supports nants of the branchial 
portion which re- of the branchial arches. arches (after Dug^s). 
mains complete ^ Appendage of the Copula. 

after metamorpho- 
sis is the hyoid (Fig. 258, 6). It is united with the copula {a), 
which is generally of some size, and which is converted into the 
body of the hyoid. A larger piece of the second arch is retained 
in the Salamandrina, and a small portion of the third arch ; in the 
Anura, however, there is a cartilaginous plate, which is made up 
of all the branchial arches on either side, and which fuses with 
the copula into one piece. Rod-shaped pieces (columellse), which 
are developed from the ends of the primitively paired plates, are 
attached to this (Fig. 258, c). 

The changes in the branchial skeleton, which are perceptible 
when it changes its function, afford a striking example of the great 
influence which adaptation to external conditions of life exercises on 
the internal organisation. 


§ 356. 


The degeneration which is seen in individuals among some of the 
Amphibia is an inherited arrangement in the higher classes. Except 
those parts which enter into the composition of the auditory organ, 
all the parts which were developed at one time from the large 
branchial skeleton of Fishes, are converted into that support for the 
tongue, which is known as the hyoid bone. The copula forms its 
body,^^ and to this the rest of the arches are attached, under the 
form of “ comua.^^ As a rule the remains of two arches — the hyoid 
portion of the primitive hyoid, and parts of the first branchial arch 
—-are used for this purpose. 

The simple body, which rarely consists of several pieces, is 
beset, in Reptiles, with portions of two or three arches; these 
are often very rudimentaiy* They are either single, or divided 
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into two pieces. The arches are most numerous in the Chelonii^ where 
there are as many as three, and next to these come the Saurii; 
in the Crocodilini 'the broad curved body of the hyoid has but a 
single pair of arches. In the Ophidii the apparatus is reduced to a 
cartilaginous remnant, and even these remnants of an arch are lost 
in various forms (Tortrix, Typhlops, etc.). 
Two pairs of arches can be made out in Birds. 
The rudimentary first arch fuses to form the 
so-called entoglossal bone (Fig. 259, 2), pos- 
teriorly to wfcch lies the true body of the 
hyoid. The second arch, however, is well 
developed, and gives rise to the cornua (4 5), 
which are formed of two large pieces, which 
generally curve backwards behind the skull, 
without being directly connected with it. Be- 
hind the copula there is the remnant of a 
second one, which forms the hyoid process (3). 

In the Mammalia two arches are per- 
manently connected with the single body of 
the hyoid. The anterior cornua are the 
largest, and are connected with the petrosal ; 
they are made of several (three) pieces. When 
the median piece is merely connected by a 
ligament, this portion is divided in such a 
way that the uppermost piece, if connected 
with the petrosal, as it is in the Orang and in 
Man, forms the styloid process of this bone ; 
when this is the case, the remaining portion 
is formed by the stylo-hyoid ligament, and the rest of the arch is 
attached to the body of the hyoid as a small, and sometimes even 
unossified piece. In most Mammals, the posterior cornua, which are 
always formed of a single piece, are the smaller ; occasionally, as in 
various Eodents and Edentates, they are altogether wanting. In 
the Primates they are larger than the remnants of the anterior 
cornua. They are connected with the larynx, the thyroid cartilage 
of which is attached to them by ligaments. 



1 Body of the hyoid 
(copula). 2 Entoglossal. 
3 Hyoid process. 4 An- 
terior, 5 Posterior por- 
tion of the coma of the 
hyoid. 


Skeleton of the Appendages. 

§ 357. 

The two pairs of appendages in the Vertebrata, however much 
they vary in the extent to which they are developed^ have their 
skeleton arranged in very much the same way j this points to their 
being homodynamous structures. In this skeleton we may dis- 
tinguish an arched piece, which lies in the trunk, and which in its 
lowest condition forms a band of cartilage ; according to the position 
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which it occupies, it is known as the thoracic (shoulder), or 
pelvic (hip) girdle. 

The skeleton of the free appendage is attached to the extremity 
of the girdle. When simplest, this is made up of cartilaginous 
rods (rays), which differ in their size, segmentation, and relation to 
one another. One of these rays is larger than the rest, and has a 
number of other rays attached to its sides. I have given the name 
of Archipterygium to the ground-form of the skeleton, which 
extends from the limb-bearing girdle into the free appendage. 
The primary ray is the stem of this archipterygium, the characters 
of which enable us to follow out the lines of development of the 
skeleton of the appendage. Cartilaginous arches beset with rays 
form the branchial skeleton. The form of skeleton of the appen- 
dages may be compared with them ; and we are led to the conclusion 
that it is possible that they may have been derived from such forms. 
In the branchial skeleton of the Selachii the cartilaginous bars are 
beset with simple rays (Pig. 260, a b). In many, a median one is 
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Fig. 2C0. Diagrams to illustrate the homodynamy of the appendicular skeleton with 
that of the branchiae, ah c d Branchial arches of Selachii. e Archipterygium. 


developed to a greater size. As the surrounding rays become 
smaller, and approach the larger one (c), we get an intermediate 
step towards that arrangement in which the larger median ray carries 
a few smaller ones (c?). This differentiation of one ray, which is 
thereby raised to a higher grade, may be connected with the primi- 
tive form of the appendicular skeleton; and, hs wo compare the 
girdle with a branchial arch, so we may compare the median my 
and its secondary investment of rays with the skeleton of the free 
appendage. 

We meet with greater difficulties when we come to examine the 
topographical relations of the appendages. If the comparison of 
the skeleton of the appendages shows that it is similar to the 
branchial skeleton, and that therefore it is possible to derive the 
appendages from branchial arches, we must further suppose that the 
two appendages were primitively branchial arches, which carried 
rays, and that they have been differentiated in a different way 
to the other branchial arches, and have been separated off 
from the branchial apparatus. The hinder one altered its position 
more than the anterior one, and this, of course, happened during 
changes which affected the rest of the Organism. The anterior 
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appendage has still some relations to the head, as is shown by 
the muscles which are supplied by cerebral nerves, while, in 
Fishes, it, and its arch, lie just behind the branchial arches. In 
this respect the hinder appendages are quite independent. They 
must be supposed to have travelled to a greater distance, if we are 
right as to the homodynamy, which a comparison of the skeletons 
leads us to infer. The anterior appendage has, however, clearly 
also undergone great changes in position; this is evident when 
we note how, owing to the continual increase in the number of the 
cervical vertebrae, it moves farther and farther back as we pass from 
Fishes to Birds. As there are no facts known to us which 
point to the formation of new vertebrae, which could only be brought 
about by the intercalation of new metameres of the body, this 
distinct change in position must be explained as due to the continual 
retrogression of the appendages; in other words, we are led to 
postulate just the same process in its case, as in that of the hind 
limbs. These considerations merely point to the manner in which it 
is possible that the appendages were developed, and there are still 
many questions which cannot be safely answered until a compara- 
tive examination of the muscles and nerves which belong to the 
appendages has been made. 

Gegenbaur, 0., Zur Morphol. der Gliedmassen der Wirbelthiere. Morphol. 

Jahrb, II. 


Anterior Appendages. 


Shoulder-Girdle. 

§ 858 * 

In its simplest form the shoulder- girdle is a piece of cartilage, 
which, in the Selachii, forms an arch on each side united to its 
fellow along the ventral line, and placed just behind the branchial 
apparatus. Owing to its attachments to the muscles of the appen- 
dages, definite sculpturing may be made out on the arch; this is 
most distinct in the Rays. 

In the Gano’idei the two halves of the cartilaginous arch are 
completely divided; a new apparatus is connected with the primary 
shoulder-girdle, represented by the cartilage ; this uon-carti- 
^ginous part is formed of bones which primitively belonged to the 
integument, and in the course of its differentiation up to the 
Mammalia it plays an important part. 

We must therefore distinguish the secondary from the primary 
shoulder-gmdle. The latter is always cartilaginous in the Sturiones> 
though various bony plates of the interment are developed on it ; 
the two lower ones I have shown to be the clavicle and infra-clavicle> 
and the two upper ones the supra-olavicles. In the primary thoracic 
cartilage wider spaces are developed from the canals which are found 
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in Selacliians. In tlie rest of the Ganoi’dei and Teleostei a part alone 

ordinarily remains cartila- ^ 

ginouSj and the rest is ossi- 

fied, but the whole piece 

appears to decrease in size, 

As a rule two bones (/ e) are 

developed from it in the V 

Teleostei, and with these, p'art s 

of the skeleton of the fin 

may be closely connected. 

The clavicle, however, which ^ 
is small in the Sturiones, has 

increased in size (Pig. 261, c). Fig.' 261. Right half of tho shouldor- 
It is connected along the girdle, and thoraeic fin of Gadus. c Clavicle. 

ve.t»l„edia,i liMwith that "aiSSStK: 

01 the opposite side, and by Ji Rays of the secondary skeleton of the fin. 
the supra-clavicles {a h) with 

the skull. The primary shoulder-girdle, in fact, undergoes degenera- 
tion, and forms a mere appendage to the clavicle, which becomes tho 
chief support of the anterior extremity. 


The clavicle, developed on the carti- 
laginous shoulder-girdle of Fishes, is 
reduced in the higher Vertebrata. The 
primary apparatus, however, becomes of 
greater importance owing to its con- ^ 

nection with the sternum, and the greater 
power of movement possessed by its 
uppermost (dorsal) portion, which is no 
longer firmly connected with the axial ^ ^ 

skeleton. That region of the girdle at ^ 

which the free limb is connected with it, is ' 
distinguished by the formation of a cavity ^ 

which receives the articular head of the 
humerus, and divides the pri mary shoulder- 
girdle into two parts. 

The dorsal portion forms the scapula ; 
the ventral is divided into a hinder piece, 262. Shoulder-girdle ; A 
the coracoid, and an anterior piece, which ^ Frog, R of a Ohelonian. 
is ossified from the scapula, when it is C of a Saurian, s Scapula, 
ossified— the precoracoid. *' 

Among the Amphibia, the shoulder- cEpistomum. st Sternum. The 
girdle of the Urodela forms a skeletal cartilaginous portions are 
piece on either side ; it is largely carti- dotted, 

laginous, and is only ossified in the 

region of the glenoid cavity. The widened dorsal end of the 
scapula, the supra-scapula, is almost always cartilaginous, or has an 


Fig. 262. Shoulder-girdle; A 
of a Frog, R of a Chelonian. 
C of a Saurian, s Scapula, 
s' Supra-scapula. co Precora- 
coid. co' Coracoid, d Clavicle. 
cEpistemum. st Sternum. The 
cartilaginous portions are 
dott^. 
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independent periosteal ossification. The ossification sometimes ex- 
tends from the scapula on to the precoracoid. In the Anura the 
two ventral processes (Fig. 262, A co cd) on either side of the 
shoulder-girdle are united by their cartilaginous ends, and may also 
become united in the middle line (Rana). In this case there is a 
foramen on either side, in the ventral portion of the shoulder-girdle. 
The coracoid (co') is ossified independently, while the precoracoid 
becomes closely related to the clavicle (d). 

In the Reptilia, likewise, each half of the shoulder-girdle forms a 
single piece, which closely resembles in form the same part in the 
Amphibia. The coracoid, which is generally broad, is not unfre- 
quently fenestrated (Saurii). A process of the scapula, which is 
merely indicated in the Amphibia, is converted into the acromion, 
and unites the scapula with the clavicle (Fig. 262, 0 d). In the 
Chelonii the scapula is generally a cylindrical bone (B />•), which 
forms an angle with, and is directly continuous with, the precoracoid 
(B co) at the glenoid cavity. The end of this precoracoid is 
connected by a ligament with the cartilaginous end of the coracoid. 

In the Crocodilini the precoracoid has completely disappeared, 
so that the scapula and coracoid alone make up the shoulder-girdle. 
In Birds there is a somewhat similar arrangement ; the small and 
slightly curved scapula is united to the strong coracoid at the 
glenoid cavity ; the coi’acoid itself is, as in Reptiles, attached to the 
plate of the sternum. The Ratitae indicate their closer affinity to 
the Saurii by the presence of a rudiment of the precoracoid. 

Among Mammals the coracoid is complete in the Monotremata 
only. In the rest, the only sign of it is the process (coracoid process) 
which is given off from the scapula, and lies in front of the glenoid 
cavity ; it is in rare cases only that the sternal end of the coracoid 
persists. I have discovered it, however, in Sorex and Mus, where it 
forms a piece of cartilage attached to either side of the manubrium 
stemi. The scapular remnant of the coracoid still continues to take 
part in the formation of the glenoid cavity, but this share decreases 
as that of the scapula increases, so that at last this latter bone alone 
forms the support for the anterior extremity, which thereby acquires 
a greater power of free movement. The primitive independence of 
the remnant of the coracoid is implied by the presence in it of a special 
centre of ossification, which persists so long as it is not completely 
fused with the scapula. 

In form, the scapula of Mammals resembles that of the Reptiles, 
but owing to the presence in it of new constituents it differs from the 
latter in some essential points. In the Monotremata there are indi- 
cations of a spine, the end of which forms the acromion. In the rest 
of the Mammalia the lateral edge of this broad piece is developed 
into a larger ridge, which now, owing to the development of 
the median ridge also, into a projecting plate of bone, or spina 
scapulae, marks off a superior and an inferior fossa. The 
anterior end of the spine is always developed into an acromial 
process. The most important of the other changes which occur in 
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it is the enlargement of the base of the scapula, which obtains in 
the Chiroptera and Primates. 

§ 360. 

Owing to the development of the primary shoulder-girdle the 
secondaryapparatus,which forms the clavicl e (§ 358), is either placed 
completely in the background, or used for purposes other than those 
which it had in Fishes. The Anura only among the Amphibia are 
provided with a clavicle (Fig. 262, A tZ), which forms an investing 
bone for the precoracoid. It is seldom separated from the shoulder- 
girdle, and this separation is never complete in any forms below the 
Reptilia (B d). In them it forms a bone which connects the acromial 
process of the scapula with the episternum [B c). In Birds the 
clavicle has the same relations ; it is small in Dromaeus, and absent 
in all other Ratitaa ; in the Oarinatae, however, the clavicles soon 
unite into an unpaired bone, the furcula, and are connected with 
the keel of the sternum by ligaments (Fig. 234,/). 

The independent appearance of this portion of the skeleton, the 
primitive origin of which was that of an investing bone for a piece 
of cartilage, leads to a histological change in the Mammalia ; the 
clavicle is in them largely formed from a cartilaginous rudiment, which 
is similar in many points to all other bones, which are preformed in 
cartilage. This bone, however, is retained in some Mammals only ; — 
in those, namely, in which the anterior limbs are capable of a large 
amount of movement. It disappears so -far as to leave no signs of 
its presence in the TJngulata ; in other forms there are only rudiments 
of it which are sometimes merely formed by ligamentous bands 
(Carnivora). 


Anterior Extremity. 

§ 361. 

All the varied forms, which the skeleton of the free appendages 
exhibits, may be derived from a ground-form which persists in a few 
cases only, and which represents the first, and consequently the 
lowest, stage of the skeleton of the fin — the Archipterygium. 
This is made up of a stem, which consists of jointed pieces of 
cartilage, which is articulated to the shoulder-girdle, and is beset on 
either side with rays, which are likewise jointed. In addition to 
the rays on the stem there are others which are directly attached to 
the limb-girdle (of. Fig. 260, cZ), 

Ceratodus has a fin-skeleton of this form ; in it there is a stem 
beset with two rows of rays. But there are no rays on the shoulder- 
girdle. This biserial investment of rays on the stem of the fin may 
also undergo various kinds of modifications. Among the DipnoY, Pro- 
topterus retains the medial row of rays only, which have the form 
of fine rods of cartilage; in the Selachii, on the other hand, the 
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lateral rays are considerably developed. The remains of the medial 
row are ordinarily quite small (Fig. 263, R'), but they are always 

sufficiently distinct to justify us in sup- 
posing that in higher forms the two sets 
of rays might be better developed. Eays 
are still attached to the stem, and are 
connected with the shoulder-girdle by 
means of larger plates (p ms). The 
joints of the rays are sometimes broken 
up into polygonal plates, which may, 
further, fuse with one another ; concres- 
cence of this kind may also affect the 
pieces which form the base of the fin 
ms). By regarding the free rays, 
which are attached to these basal pieces, 
as belonging to these basal portions, we 
are able to divide the entire skeleton of 
the fin into three segments — ^pro-, meso-, 
and metapterygiura. 

The metapterygium (mt) represents 
the stem of the archipterygium and the 
rays on it. The propterygium {'p) and 
the mesopterygium (ms) are evidently 
derived from rays which still remain 
attached to the shoulder-girdle. 

The peculiar form of the fin in the 
Ray is due to the great development of 
the propterygium j the arrangement in 
Squatina leads towards this. One ray 
is here converted into a support for 
rays, and forms, by gradually reaching 
forwards, a stem for the propterygium, 
just as the metapterygium in the stem 
of the archipterygium possesses one. The ChimsBrss agree in all 
essential points with the Sharks. 



Skeloton of tho 
of Aoanthiaa 
vulgaris, p Basale of the 
protopterygimn. mt Of the 
metapterygium. B Median 
edge of the fin. The line 
drawn through mt indicates the 
series which formed the stem 
of the archipterygium. The 
dotted lines correspond to the 
rays, which are mostly arranged 
at the sides {R E), and are 
rudimentary only on the medial 
side (E'). 


§ 362. 

The skeleton of the thoracic fin in the G-anoidei may be derived 
from a condition which is similar to that which obtains in the Shark ; 
it is the same fin, with the peripheral parts reduced (cf. Fig. 264). 
In correspondence with this, a few rays only are attached to the 
stem of the fin (J5), and those which are set on the shoulder-girdle 
are also rudimentary. In the Teleostei the peripheral portion of the 
skeleton of the fin is still further reduced, and as a rule nothing 
remains of the primary fin-skeleton except four or five elements 
which are very similar to one another (Fig. 261, g) ; a very variable 
number of small and always cartilaginous pieces are attached 
peripherally to them. These, then, serve as supports for the 
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secondary skeleton of tke fin-rays (h). Basal pieces can be seen 
in a few only, and it is diflScult to refer these even to their 
primitive significance. The arrangements which 
obtain in the Ganoidei would lead us to regard 
the basale of the metapterygium, and the basalia 
of some of the rays, as being the most constant 
constituents of these pieces. In consequence of 
their having the same function they have the 
same form, so that it is impossible to show that 
they have any connection with the primary stage, 
except by referring them back to the skeleton of 
the Ganoid fin. 

In many divisions of the Teleostei these 
pieces undergo great changes, in addition to 
being diminished in number. They are, for 
instance, intimately attached to the shoulder- 
girdle, and immovably connected with the parts 
of which it is made up (Oataphracti). 

In this way we are able to make out a con- 
tinuous series from the well-developed skeleton 
of the fin in the Selachii to that which is found 
in the Teleostei; the most important changes 
consist in the gradual reduction of smaller or 
larger parts. Reduction first affects the periphery, and then the 
base, so that the latter is the most constant portion. The decrease 
in size which the primary skeleton suffers is made up for by the 
appearance of ossifications of the integument, which consist, as 
in the unpaired fins, of jointed or firm bony rays, and are developed 
on both surfaces of the fin. 

Gegbnbaur, 0., Untersuchungen zur vergleioh. Anatomie der Wirbelthiere, II. 

Leipzig, 1865. 



Fig. 264*. Primary 
skeleton of the 
thoracic fin of Aci- 
penser ruthenns, 
after the removal 
of a portion of the 
secondary skeleton. 
B Basale of the meta- 
pterygium. R Bony 
marginal ray of the 
secondary skeleton 
of the fin, only 
figured in part. 


§ 363. 

In the skeleton of the fore-limb of the higher Vertebrata we are 
able to recognise the stem of the archipterygium, with rays attached 
to one side of it ; no rays are now attached to the shoulder-girdle, 
the stem only is so attached. The arrangement of the joints of the 
rays in rows set obliquely to the stem — which is just the 
same arrangement as that of the primitive rays — is obscured by 
subsequent transverse jointing, but it can be recognised without 
difficulty in the lower forms. This jointing gives rise to new pieces ; 
transverse rows of the joints of the rays, as well as the corresponding 
joints of the stem, being developed into longer pieces. This change 
is due to a change in function, in consequence of which the ap- 
pendage is converted from a swimming organ into a compound system 
of levers. 

In Ichthyosaurus among the Enaliosaurii the basale of the 
archipterygium is first of all differentiated from the rest of the 
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appendage as a large bone, whicli forms a piece of about the same size 
.^s the rest of the appendage ; this may be called the humerus. In 
Plesiosaurus two succeeding pieces, which in Ichthyosaurus are still 
indifferent, are also increased in size ; these correspond to the fore- 
arm : radius and ulna; these are succeeded by two transverse rows of 
smaller pieces, which form a carpus, and these again by longer rows 
of bones, which represent the metacarpus and the phalanges of the 
fingers. The segmentation which affects the appendage after the stem 
and rays are broken up into several pieces, 
may here be seen in its different stages. 

The arrangements which are presented 
by the Amphibia are similar in character; 
for although one finger is atrophied, we can 
fill up the void by the aid of the arrange- 
ments seen in the hinder limb, where they 
are complete. The stem of the archiptery- 
gium must, therefore, be sought for in a 
lateral series of skeletal pieces, which ex- 
tends from the humerus, through the ulna 
to the fifth finger, and in the carpus con- 
sists of two pieces. The other skeletal 
pieces are arranged on these rays. One 
ray begins with the radius, and extends 
into the first finger. A second, third, and 
fourth begin in the carpus, and end in the 
second, third, and fourth fingers. The 
primitive carpus is therefore composed of 
ten pieces; five carpals carry the fingers, 
three are attached to the bones of the fore- 
arm; these are the radial, intermedium, and 
ulnare ; two centralia ( c c ) are enclosed by 
these two sets. 

The change in the function of this appendage is connected with 
a rotation of the humerus on its own axis, and this rotation may bo 
observed in the individual development of higher forms. It brings 
about a difference in the position of the limb as compared with that 
of lower forms. 



Fig. 265. Diagram of tho 
fore-limb of an Amphi- 
bian. The dotted lines 
indicate the rays, which 
remain attached to the stem 
of the Archipterygium. 


§ 364 . 

A more or less complete copy of the typical form of limb derived 
from the archipterygium is retained in all divisions of the Verte- 
brata. In all there are often unmistakable traces of the characteristic 
relations, in opposition to which numerous deviations, due chiefly to 
reduction and concrescence, make their appearance. These modifi- 
cations ave clearly due to the varied uses to which the limbs are put, 
just as the complete atrophy of some parts, or even of the whole limb, 
are due to their being no longer required. 
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In the Amphibia the two upper portions are greatly developed, 
but, except that the radius and ulna are fused in the Anura, they 
present no such striking differences as those which are seen in the 
carpus. 

Some of the primitive carpalia disappear in the distal row ; with 
this is generally correlated a shortening of the fingers, which are 
commonly limited to four ; or, again, two or three carpalia may be 
fused together (Frogs, etc.). Concrescence may likewise be seen 
to affect the proximal series of carpalia. 

In the Reptilia, the various portions of the skeleton of the arm 
are least altered in the Chelonii, which have not only nine carpal 
bones, but all five fingers. In the Saurii two of the three carpalia 
of the first row are fused together; those of the second row are also 
greatly modified, and are reduced in number when any of the fingers 
disappear. The carpus is still more altered in the Crocodilini. The 
radiale has become much larger than the ulnare, and the second row 
of carpalia is merely represented by a few elements, which are 
always partly cartilaginous. The two ulnar fingers are conse- 





Fig. 266. Skeleton of the aim of Ciconia alba, h Humerus, u Ulna, r Radius. 
e c' Carpus, m Metacarpus, p p' p" Phalanges of the first three fingers. 


quently shortened in comparison with the three radial ones. In the 
limbs of the snake-like Saurii there are all stages of reduction. 
The Opfldii are distinguished by the complete absence of these 
parts. 

In birds, where the whole of the fore-limb is converted into an 
organ of flight, the reduction of the manus is still more marked. 
Two bones only (Fig. 266, cc') are well developed in the carpus, 
while a piece of cartilage, which corresponds to the second row in 
the carpus, soon fuses with the base of the metacarpus. Three 
fingers are always more or less developed in the manus; in the 
Saurur 80 these were permanently separate, but in the Ratitas and 
Carinatas the metacarpals (m) of the second and third, and generally 
also that of the first, are fused into one piece of bone. On the 
third finger there is a rudiment of a fourth one. 

As compared with the Saurii, the number of phalanges is 
reduced in Birds. In the Saurii, starting from the first finger of 
the radial side, which has two phalanges, we find one more in eaph 
finger as far as the fourth, which has five ; but the fifth finger has 
not so many. In the Crocodilini this increase stops at the third ; 
in most Birds the second finger has only two phalanges {p% the 
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first and tliitd one only Booond fingers rarely 

h&ve an extra phalanx. 

FtTBBBiNGEB, M., Die Enoolien und Muskeln der Exiremitaten bei den Boiilan. 
genartigen Sanriem. Leipzig, 1870. 


§ 365. 

The greater variation in adaptive relations to various conditions 
is implied by tlie greater variations in the structure of the skeleton of 
the Mammalian forelimb. Its elements somewhat resemble the 
lower condition, such as is seen in the Chelonii, with regard to the 
number of the carpal bones. Although the manus is often modified 
by the atrophy of certain fingers, the extremity, even in the lower 
divisions of the Mammalia, has very various uses. Owing to the 
greater power of movement possessed by the two bones of the fore- 
arm, and the connection between one of them (the radius) and the 
manus, the anterior extremity loses its lower function of an organ 
of support, and is converted into a prehensile organ. This phaeno- 
menon is seen in the Didelphia, as well as in the Monodelphia ; it is 
most complete in the Primates. The carpus has the three primitive 
pieces of the proximal row. A centrale, also, is not unfrequently 
present (Rodentia, Insectivora, Lemurs, Orang, and, for a short 
time, Man). The distal row of the carpus have the two ulnar bones 
fused into an uncinate (of. Pig. 268, I II). The pisiform is a 
special bone, which is attached to the ulnar edge of the carpus ; it 
is very large in many forms. It is also found in 
the Reptilia, and may be shown to be the soli- 
tary remnant of a numerous series, which was 
possessed by the Bnaliosaurii. 

The modifications derived from this series of 
forms are very closely correlated with the function 
of these parts. When the arm is used as an organ 
of flight (Ohiroptera), we find that its different 
portions are considerably elongated; and so, 
again, they are shortened, and various parts be- 
come very large in those numerous cases in 
which the arm acquires a special function, as in 
digging and so on; the Monotremata, many 
Edentata, Talpa, etc., are examples of this. In- 
stead of this great increase in size, which is seen 
in various parts of the skeleton of the arm, there 
may be atrophy, as is the case with the fore-limb 
of the Cetacea. It forms a paddle, the separate 
parts of which have but little power of move- 
ment, and the various bones of these parts may 
lose all their articulations, and become united into an unjointed 
fin-like mass (Pig. 267). 

IfA BUotlmt varied. Several of the fingers ute atrophied, and the 



X' xg. 267. Anterior 
extremity of a young 
Dolphin. « Scapula. 
h Humerus, r Ba- 
diuB. u Ulna, c Car- 
pus. m Metacarpus. 
p FhalangeB^ 
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fore-limb becomes a mere organ of support and locomotion. It is 
clear that this is not a primary condition from the relative position 
of the bones of the fore-arm, which requires us to presuppose a 
condition in which they were capable of pronation and supination. 
As the limb ceases to have more than one function, this power is 
lost ; the radius and ulna are connected immovably, and this may 
lead to the atrophy of various parts of these bones, or to their more 
complete fusion with one another. This is the case in the Artio- 
dactyla, where the distal end of the ulna is rudimentary in the 
Euminant forms. In the Tylopoda and Solidungula this end of the 
ulna has quite disappeared, while the upper end is united with the 
radius into one bone. 

The fingers may take on one of two sets of characters. In 



Fig. 268. Skeleton of the manns of yarions Mammals. I Man. JI Dog. Ill Fig. 
IV Ox. 7 Tapir. VI Horse, r Eadius. u Ulna, a Scaphoid, h Lnnar. 
c Cuneiform, d Trapezium, e Trapezoid. / Magnum, g Uncinate, p Pisiform. 


either case the poUex is absent, and it is not functional even in the 
digitigrade carnivora (Pig. 268, 11). Of the remaining digits, 
however, the third and fourth are so greatly developed in the 
Artiodactyla {III IF), that the other two (2 and 5) often do not 
touch the ground (Suina, Moschidae). The fifth finger is next lost, 
so that the third and fourth only are well-developed, and the second 
forms a mere appendage (Anoplotherium). The third and fourth 
fingers become still larger when their two metacarpals are fused 
together (IF), while the second and fifth fingers become rudi- 
mentary (Oxen, Sheep, Deer, etc.). The Ferissodactyle series also 
begins with the four-fingered form, but in them one finger only 
(the third) is markedly larger (Tapir) (F). When the fifth, which 
is already the smallest, disappears (PaleBotherium), the second 
and fourth are attached to the third in the lortn ^ nppniQftges 

2 J ? 
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(Hipparion), and when the two lateral fingers are reduced to their 
metacarpals alone^ these are attached to the large metacarpus of the 
third finger as mere splint-bones third finger 

becomes the sole support of the limb (Bquus). 

The number of phalanges in the different fingers is increased in the 
Cetacea only ; all other Mammals have two in the pollex, and three 
in all the other fingers. 


Posterior Appendages. 


Pelvic Girdle. 

§ 366. 

The relations of the pelvic girdle are also correlated with 
differences in the functions of the extremity. The homology 
between the two skeletal portions is consequently more fully recog- 
nisable as the functions of the two extremities are more nearly 
the same, and the extent to which they are differentiated from 
one another less. 

A single piece of cartilage forms the groundwork of the pelvic 
girdle. In the Selachii this is rarely enlarged in a dorsal direction. 
In the Ganoidei and Teleostei the two halves of the ossified portion 
are connected in the middle line. They undergo considerable varia- 
tions in position, for they may be plac^ more or less anteriorly and 
close to the shoulder-girdle (Pisces thoracici), or may even be united 
with it (Pisces iugidares). 

In the Amphibia the two bones of the pelvis are connected with 
the vertebral column; at the same time they may be seen to be 
divided into two pieces at the point where they are connected with 
the femur ; the dorsal one, which is attached to a transverse pro- 
cess (that is, to a rudimentary rib), forms the ilium ; the ventral one, 
which is connected along the middle line with its fellow of the 
opposite side, is known as the ischio-pubic bone {Urodela). There is 
reason, however, for supposing that it merely corresponds to an 
ischium. This arrangement is modified in the Anura (rf. Fig. 225), 
for the long and slender ilia (iQ are united with the ischio-pubic 
bones {is), which are converted into a vertical disc, and fused with 
one another. 

The ilium of the Reptilia is greatly developed; in Ohamseleo it 
resembles a scapula, and is continued into a process, which is com- 
parable to a supra-scapula. In the Saurii it is elongated (Fig. 269, 
Jl ) ; in the Crocodilini it is shorter and broader (Fig. 270, Jl), The 
bone is directed forwards, so that it is connected with 
the sacrum behind the acetabulum. In the Saurii and Ghe- 
lonii the ventral portion of the pelvis is continued from the aceta- 
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bulum into two divergent pieces (Fig. 269), which enclose a large 
opening (foramen obturatum). The anterior process is called the 
pubis (P), the posterior one the ischium (/«). The two bones of either 
side are more or less connected together along the middle line, 
but this connection may disappear. The pelvis of the Orocodilini 



Fig. 269. View of the left side of the Fig. 270. View of the left side of the 

pelvis of Monitor. JZ Ilium. Js Ischium. pelvis of Alligator luoius. a y Two 

P Pubis, a Hinder end of the ilium, h Its limbs of the ischium, which unite with r s, 

anterior process. two processes of the ilium, to enclose a 

foramen (o) at the base of the acetabulum. 
The other letters as in Fig. 269. 


(Pig. 270) differs from this in many points, for a single bone (Js) is 
given off ventrally from the acetabulum, and is connected by means of 
two processes with the ilium (x y). It appears to represent an 
ischium only, while a bone, which takes no part in the acetabulum, 
but articulates with the ischium (p), and converges, like its fellow, 
towards the anterior wall of the abdomen, represents the pubis. 

The pelvis in the fossil Dinosaurii was of the same character ; 
the ilium was distinguished by a process which was directed forwards, 
and of which there is an indication only in the extant Saurii and 
Orocodilini (fc). The acetabulum was similarly incomplete, and was 
connected with a long ischium, which was directed obliquely back- 
wards and downwards, and was not united with its fellow of the 
opposite side. A long pubis, which also ended freely, was given off 
from the anterior margin of the acetabulum, and ran parallel to the 
ischium. 

This relation of parts is the same as that which characterises the 
Avian pelvis (Pig. 271). In them the ilium {Jl) does not only 
extend a long way back {a a), but its anterior process is converted 
into a broad plate (6 b). This extends along the lumbar region of 
vertebral column, and even into the thoracic region, and so presses 
a very large number of vertebras into the pelvic region. The ischium 
{Je) runs backwards from the incomplete acetabulum, and in a 
direction which is nearly parallel to that of the hinder portion of the 
ilium ; the small pubis, which has a slight share in the formation 
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of the acetabulam^ takes the same course j its ends project farther back 
than those of the ischium^ and generally converge ; in Struthio they 

even form a symphy- 

^ sis. There are various 

( kinds of connections 

between the ilium and 

V’!v\ ischium, and between 

^ these and the pubis. 

^ ^ p>v pelvis in the 

Mammalia is very dif- 
ferent. The primi- 

Fig. 271. View of the left side of a Bird’s pelvis, with the ^ sacrum 
The dotted portion represents that part of the three is always in front 
pieces of the pelvis, which extends backwards by the Qf ^J|^0 acetabulum. 
development of cartilage. The dotted line marks off mi,. li^-RrATrAT.' 

that portion of the ilium (66) which grows forwards . nowOTOr, 

without the addition of any cartilage. The letters as IS directed from be- 
in the preceding figures. fore backwards, and 

the hinder edge of the 

Bird^s ilium corresponds to the anterior edge of the Mammals 
ilium. Two different positions therefore for the ilium are derived 
from the Amphibia. In the Amphibia it is directed laterally and 
inferiorly away from its connection with the sacrum, in Reptilia 
and Aves obliquely forwards, and in Mammalia obliquely back- 
wards. The ventral portion of the pelvis encloses an obturator 

foramen, and is united ven- 
\ A trally with that of the other 

side. 

The primitive pelvic carti- 
^ gives rise to the ilium and 

ischium ; the pubis is derived 
from a separate rudiment, 
^ which is united with the 

\ \ ischio-iliac rudiment in tho 

\ acetabulum (Man). This leads 

V ^ us to think that the pubis is 

an independent piece of the 
skeleton, which has retained 
independence in the Cro- 
codilini. The ilium of the 
^ , i!. ^ X, , . Mammalia is connected with 

«».-T0rteW. . The^nm 

pubis, vl Penultimate lumbar vertebra, also may be umted with the 
ve Oandal vertebra. false sacral vertebras (Dasy- 

pus, Bradypus). When the 
two ventral pieces are nnited at the ischio-pnbic symphysis, as they 
are in the Marsnpialia, many Bodents, Artiodactyla, and Peris- 
sodacWla, the pelvis is elongated in form. la the Insectivora 
and Carnivora the greater part of the symphysis is formed by 




Fig. 272. View of the left side of the pelvis 
of a Dog. tl Ilium, is Ischium, p Os 
pubis, vl Penultimate lumbar vertebra. 
VC Caudal vertebra. 
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the two pubic bones, and this is still more marked in the higher 
orders. 

An independent adaptation, which is seen in various Mammals 
(Insectivora and Ohiroptera), is the presence of a ligamentous con- 
nection instead of the pubic symphysis ; this may be very wide in 
the female (Erinaceus). 

When the posterior extremities are absent, the pelvic girdle also 
undergoes atrophy. There are rudiments of it in the Cetacea. 

In the Monotremata and Marsupialia there are two bones in 
front of the pubes ; these marsupial bones are directed forwards ; in 
Thylacinus they are reduced to small rudiments in cartilage. 

Gegenbaub, 0., Beitrage ziir Eenntmss des Beckens der V5gel. Jen. Zeitschr. 
VI.— Hoftmann, 0. K., BeitrSge zur Kenntnifls des Beckens der Amphibien 
u. Eeptilien. Kiederl&nd. Arch. III. 


Posterior Extremity. 

§ 367. 

We find just the same arrangements in the hind-limb as we have 
described as existing in the f ore-hmb. In Fishes the hind limb forms 
the ventral fin. In the Selachii its skeleton has the same characters 
as that of the thoracic fin ; the most striking difference is that the 
rays are arranged in a simpler manner. The basale of the stem is 
generally greatly elongated. The joints which succeed the basal 
piece undergo a special metamorphosis in the male, where they are 
converted into copulatory organs. 

The skeleton of the ventral fin in the Ganoidei may be derived 
from this by supposing that there has been a peripheral reduction, 
very similar to that which we saw in the skeleton of the thoracic 
fin ; and the Teleostean fin can be derived from the Ganoid. This 
is generally much simplified, both as regards the size and the 
number of its separate pieces, in consequence of the feebler develop- 
ment of the whole ventral fin. In both divisions the dermal skeleton 
takes part in increasing the surface of the ventral fin, just as it has 
been shown to do in the thoracic one. 

When we come to compare the hinder extremity of the higher 
Vertebrata with the ventral fin of Fishes, we must again begin with 
the archipterygium, which seems to be the lowest stage of this 
extremity also. The segmentation of the extremity into successive 
pieces is a repetition of the arrangement which we met with in the 
skeleton of the arm. We distinguish the femur, tibia, and fibula; 
and lastly, in the foot, a tarsus, metatarsus, and phalanges. The 
four inner toes, and the parts that carry them, may be again 
regarded as joints of the rays which are given off from a row of 
bones extending from the femur, through the fibula, to the 
outermost toe. The tarsus is made up of ten pieces, three of which 
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are attached to the leg ; these are the fibulare, intermedium, and 
tibiale. There are two centralia ; and five distal tarsalia carry the 
bones of the metatarsus (cf. Fig. 265). 

In the Enaliosaurii the skeletal portions of the hinder extremity 
are an exact repetition of those of the anterior one ; and even in 

some of the Amphibia (Urodela) we meet 
with an arrangement which is the same 
in all essential points, so that we need 
not describe them specially. In most 
Urodela, all the five terminal pieces, or 
toes, are retained in the hind-limb ; this 
is more distinctly like the primitive form 
than is the skeleton of the fore-limb. 
In Oryptobranchus, Menopoma, and 
others, the two centralia even are per- 
sistent. But in the Anura there is a 
very great change ; the tibia and fibula 
are fused. In the place of the three 
proximal tarsal bones there are two 
long bones, which are, however, often 
fused at their ends ; they are ordinarily 
known as the astragalus and calcaneum. 
The distal row of tarsal bones is also 
greatly reduced. Finally, we must note 
the presence of a rudiment of a sixth toe. 



In the Ohelonii there are unimportant 
j modifications in the larger pieces of the 
extremities ; in addition to this we must 
note the gradual concrescence of some 
of the bones of the tarsus, which is of 
great importance as explaining the ske- 
leton of the foot in Birds, as well as in 
other Reptiles. An intermedium is united 
Fig. 273. Hinder extremity of a with a tibiale to form an astragalus ; and 
larva of Salamandra maou- the centrale is attached to, or even com- 
toong^ thl rays,“to Pletely fused with, this bone. The fourth 
which the different pieces be. Q'Hd fifth tarsalia similarly form a single 

bone, the cuboid. Owing to the forma- 
tion of a single piece out of the bones 
of the first tarsal row, and the firm union that is effected between 
this piece, and the tibia and fibula, the foot gets to be articulated 
in a peculiar manner. It moves on an intertarsal joint. The 
skeleton of the Orocodile^s foot is somewhat different. The tibia 
and fibula articulate with two bones, of which the fibulare has the 
^eater power of movement. The larger bone, connected with the 
tibia, corresponds to the similar bone in the Ohelonii. A piece of 
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cartilage, which is more closely connected with the metatarsus, is 
articulated to it ; while a cuboid is articulated to the fibula. Owing 
to the independence of the fibula, we have here a peculiarity, 
which is only seen again in the Mammalia. In the Saurii, the 
tarsal bone developed out of four primary elements (Pig. 274, A ts) 
has no signs of its constituent parts even in the embiyo. It is 
immovably connected with the tibia and fibula, while the distal 
bones of the tarsus (ti) are more or less 
connected with the metatarsus. This jf 
appears to have been most complete /^-l I f \ \ 

in the fossil Saurii (Omithoscelida), j \ j \ 

In these arrangements we may per- / \ / \ 

ceive an outline of what obtains in the ^ 

foot of the Bird, which, in its em- \ jj 

bryonic condition (Pig. 274, B), pre- \ / / \ 

sents us with those characters which \ 
are permanent in many Eeptiles. The ^ 

fibula (p) extends to the tarsus. This 
is formed of two pieces of cartilage ; 
the upper one (ts) is undoubtedly homo- 
logous with the bone, which is made up 1 \ \ / 

of four elements in the Eeptilia j the / 30. 

lower one (ti) corresponds to the distal ^ 

series of tarsal bones. The metatarsus ^ ^ 
is made up of five bones, which were fin \W 

primitively separate, but only four of | Jl l \l\l 

these (Bj I — IV) carry toes, while the U \ \\^ 

fifth is very small and completely fused j i iViJ 1 \ r 

with the ^stal portion of the tarsus. /JJ 1 \ 1 Ull I \ j \ 

The difference between the adult and ^ rj u I ' 

embryonic arrangements consists in \j\ M 

the degeneration of the fibula (Fig. )//n ^ 7 

275, 6'), which later on is attached to fj jl V 

the tibia, as a small appendage {V), ^ 

and which never reaches the tarsus (6). 

The proximal tarsal cartilage fuses Fig. 274. Skeleton of the foot of 
with the tibia, and forms its articular a Reptile (Lizard) (^) and a Bird 
condyle; the dist^ on® ““tes with 

the single piece (c), which is formed P Fibula.- ts Upper, ti Lower 
from the fusion of the three longer piece of the tarsus. Metatarsus, 
metatarsal bones, and in which no MetatarsaUa 6f the toes. 


-7 MetatarsaUa 6f the toes. 


permanent signs of separation can be 

made out except what is implied by the separate condyles at its 
distal end (Fig. 275, c'). The metatarsal of the hallux remains dis- 
tinct, and generally forms a small appendage of the large tarso- 
metatarsus. The arrangements, therefore, which are seen in the foot 
of the Reptile are still further developed in that of the Bird, for the 
parts which in the former are merely united firmly together, are fused 
in the latter ; the foot still moves on the same intertarsal joint. 
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With regard to the toes, we find five to be the dominant number 
in the Beptilia ; it is in Birds only that they fall to four, or three, or 
even to two (Struthio). The phalanges of the 
toes generally increase in number from within 
outwards ; there are two on the hallux and five 
on the fourth toe. This holds for the Saurii, 
Crocodilini, and Aves. There are not so many 
in the Amphibia or Chelonii. Amongst the 
Eeptilia the limbs are reduced in the snake-like 
Lizards, and in all Ophidii, among which the 
Peropoda only are provided with any rudiments 
of them at all. 

Gbgbnbaub, 0., Untersnohimgen znr vergleich. Anat. I. 
Leipzig, 1864. 

§ 369 . 

The special differentiations in the skeleton of 
the hind-limb of Birds and Reptiles do not re- 
semble those which are seen in the Mammalia. 
As a rule it is less altered than the fore-limb. 
In the Perissodactyla, many Rodents, etc., the 
femur is distinguished by the possession of a 
oMe TT‘ j third trochanter. The tibia is the most im- 
tr^ty * of ^ButTo of the leg ; the fibula is often rudi- 

vuigaris. aFennir. mentary, especially in the Ungulata. In the 
6 Tibia, h' Fibula. Artiodactyla the distal end remains ; it is articu- 
c' ^ibia and to the tarsus (astragalus), 

isolated, and seen appears to enter into the composition of the 

^ ^ latter. In some (as in Rodents and Insectivora) 
our toes. tibia and fibula are complete, and are fused 

together. 

The tarsus is the most characteristic part ; it is attached by two 
pieces to the leg, but, as a rule, only one of these forms the ankle- 
joint. The procep on the second bone (calcaneum), of which there 
were indications in the Crocodilini, is still more developed. The 
centrale remains separate, but passes to the inner edge of the foot, 
where it forms the navicular. In some of the Prosimias it unites 
with the calcaneum to form a long process (Macrotarsi). Oi the 
five distal bones the two outer ones are always replaced by the 
cuboid, while the three inner ones generally remain distinct (cunei- 
form). When the number of toes is diminished, these latter bones 
Me often reduced; they may even fuse with the metatarsus, as in 
^adypus. The cuboid also may be united to the navicular 
(Ruminantia). 

In addition to its primitive function as an organ of support 
and of movement, the foot may be developed into a grasping organ ; 
when this happens, the foot comes to resemble in many points the 
end of the fore-limb, or hand. But in all essential points of 
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structure it is still a foot^ so long as we hold to the anatomical 
conception of what hand and foot are, and do not put functional 
relations into the fore-ground; and if we do, then the proboscis 
of the elephant is a hand^^ also. 

This change in the character of the foot is seen in many Mar- 
supials, Prosimiae, and Primates. The chief change lies in the 
deyelopment of the first toe in a manner similar to that in which 
the thumb of the hand is developed. In Man also there are indica- 
tions of the foot having once been a prehensile organ. When this 
function is lost, the hallux is shortened in proportion to the extent to 
which the whole of the sole of the foot ceases to take part in loco- 
motion. The shorter hallux is then functionally inoperative (Digiti- 
grade Carnivora). It disappears altogether in the Ungulata, where 
the limbs do nothing but aid in locomotion and support the body. 
The characters of the metatarsus and digits are parallel in character 
to those of the fore-limb in the Artio- and Perissodactyla. In the 
latter, the gradual conversion of the foot from a four-toed to a one- 
toed condition has been recognised as obtaining in the same palsson- 
tological series as that which has already been pointed out in 
reference to the fore-limb. 


Muscular System. 

§ 370 . 

The muscular system of the Vertebrata is differentiated from the 
mesoderm in the embryo, and is divided in a way corresponding to 
the metamerism of the whole body. Before the skeleton is differen- 
tiated the musculature below the integument unites with it to form 
a dermo-muscular tube, similar to that of segmented Invertebrata in 
many points, although not immediately derivable from one of those 
forms. 

Its relations to the skeleton, and the formation of a muscular 
system connected with the skeleton, are therefore acquired in pro- 
portion to the extent to which they are concerned in the develop- 
ment of the skeleton. In Amphioxus, where the skeleton is 
essentially formed by the chorda dorsalis, the musculature, in the 
region of the trunk at any rate, has none of these relations ; it is 
only in that portion of the body which encloses the respiratory 
cavity that it seems to have any relations to the visceral skeleton. 
The whole of the musculature is arranged in two lateral longitudinal 
masses, which are separated by connective tissue into dorsal and 
ventral masses. These longitudinal bands of muscle are separated 
by septa of connective tissue into a series of metameres (myocom- 
mata) ; and each septum serves for the origin as well as for the 
insertion of the fibres, which take a straight course between them. 
While this mass of muscle extends along the whole of the dorsal 
region of the body, it is modified in the ventral surface of the 
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anterior portions of the body, owing to its relations to the branchial 
skeleton. 

In the Cyclostomata also the greater part of the muscular 
system has no direct connection with the skeleton, for the superficial 
layers are here also merely connected with connective tissue, and the 
septa that form the metameres are to be found over the whole of the 
dorsal and caudal regions of the body. On the head, however, and 
on the visceral skeleton, we may see that some of the muscles 
are connected with the skeletal parts and differentiated in a special 
manner. 

When the skeleton is formed it is necessarily connected with 
the musculature, since the skeletal parts grow down between the 
masses of muscles, following the septa of connective tissue. The 
primitive similarity, therefore, between the parts of the mus- 
cular system disappears, and a differentiation commences; this is 
implied, on the one hand, by the formation of a muscular system 
connected with the skeleton, and on the other by the special 
development of the remainder of the muscular system, which is 
not so connected, into a dermal musculature. 

The whole of the muscular system requires, however, to be 
systematically investigated before we can know as much about it as 
we do about the skeleton. We must, therefore, confine ourselves in 
this description to a mere sketch, many details in which must be put 
in with great diflBldence. 


Dermal Muscles. 

§ 371 . 

As we regard the dermal muscles as primitively forming a 
common complex with those which belong to the skeleton, we must 
distinguish from it those which belong to the integument as such. 

Among the Cyclostomata some of the muscles of the trunk have 
no connection with the parts of the skeleton, and appear, therefore, 
to be essentially dermal muscles ; even in the lower Gnathostomata, 
the greater portion of the large lateral masses of muscles on the trunk 
are only connected to the skeleton by the tendinous intermediate 
bands, which pass off from it; it has not, therefore, yet become 
a part of the skeletal musculature, in the sense that it forms bundles 
of muscles which are attached to the skeleton by their two ends of 
origin and insertion. This more indifferent condition enables us 
to understand how it is that there are no distinct dermal muscles. 
At the same time there are distinct layers of dermal muscles in the 
outer wall, at least, of the respiratory cavity in the Selachii, where 
they form part of a common constrictor. 

In many other parts also of the body there are subcutaneous 
muscles, which are not connected with the large lateral muscles ; the 
layer which runs along the lateral line in the Teleostei, and which is 
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distinguished by its deeper colour, may be regarded as belonging to 
this system. In the Amphibia there are dermal muscles in the 
head, which act on the nasal orifices, and, in the Anura, in the 
anal region also. The muscles lying on the external nares are better 
developed in the Eeptilia. The dermal muscles are of great func- 
tional importance in the Ophidii, as they produce a movement of the 
scales, which is of use in locomotion. 

In Birds there are large fiattened dermal muscles in various 
parts of the body ; as in the Eeptilia (Chelonii) there is a continuous 
layer of muscles in the neck; other dermal muscles take their origin 
from the skeleton, such, for example, as the musculi patagii, which 
pass into, and extend the membrane of the wing. The muscles 
which serve to move the remiges and rectrices also belong to this 
category. 

The dermal musculature is more highly developed in the Mam- 
malia. There is generally a large muscle below the integument of 
the trunk, which covers the dorsal region of the body, and is con- 
tinued on to the head and neck; this is inserted by tendinous 
pieces into different portions of the integument, while anteriorly it 
is also inserted into the humerus. It is best developed in Echidna, 
Dasypus, and in Erinaceus, where it forms the muscle by which the 
body rolls itself up. In most of the Apes the large dermal muscle 
is distributed over the same parts as in other Mammals, but it is 
more distinct in its anterior portion. In the Orang and Chimpanzee 
this latter is represented by a muscular plate, which occupies the 
sides of the neck, and is continued on to the face ; in Man it is 
reduced to the platysma myoides. 


Musculature of the Skeleton. 

§ 372 . 

The differentiation of the muscles, which is due to the connec- 
tion between the muscular system and the skeleton, is very inti- 
mately connected with that of the skeleton, inasmuch as both parts 
have ^ways reciprocal relations, owing to their being both formed 
for the same function. When, therefore, any portion of the skeleton 
is increased in size, the muscles that go to it are also increased, and, 
when another part undergoes atrophy, its muscles are correspond- 
ingly diminished. So, also, the greater functional independence of 
the muscles is bound up with a greater differentiation. 

This differentiation gives rise to a number of systems of muscles, 
each of which can be again divided into subordinate complexes of 
more or less distinct muscles. The muscles of the trunk, of the 
cephalic skeleton, and of the appendages, may be distin- 
guished as systems of this kind. 

The above-mentioned primitive musculature gives rise to the 
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muscles of the trunk, or lateral trunk-muscles. They consist 
of two masses of muscle which occupy the sides of the body, and 
extend from the head to the caudal end (m. laterales); they are 
separated from one another along the middle line of the dorsal and 
of the ventral surface. In the Myxinoidea, among the Cyclo- 
stomata, the ventral portion of these masses of muscle is distin- 
guished by the oblique course of its fibres. It is doubtful whether 
this represents a new system or no. Each half is divided into a 
dorsal and a ventral* poition, which are separated from one another 
along a horizontal plane drawn through the vertebral column ; so 
that, altogether, there are four lateral muscles. 

Bach of the four lateral trunk-muscles is divided, in Fishes, into 
a number of segments by tendinous bands which correspond in 
number to the vertebras (ligamenta intermuscularia) ; these may be 

easily made out on the surface of 
the body, owing to their free edges 
forming distinct tendinous bands. 
The muscular fibres between any 
two intermuscular ligaments take 
a parallel course, and the ligaments, 
therefore, afford insertion as well as 
origin to one muscular segment. 
The muscles, therefore, are only in- 
directly connected with the skeleton. 
The tendinous septa first keep to 
one plane, but they then curve, 
and curve in such a way that in 
each dorsal muscle we can recog- 
nise a lower layer, which is made 
up of cones, one within the other, 
and with their apices directed for- 
wards (Fig. 276, A a), and an upper 
one (t) which is made up of parts 
of cones. The apices of these in- 
complete cones look backwards. In the ventral muscles the rela- 
tions are so far reversed that the cones (a^) are placed above the 
incomplete qpnes In a vertical section through the tail of a 
Fish we see, therefore, two systems of concentric rings on either 
side, which project into one another (these are the sections of hollow 
cones) ; while above the upper ones, and below the lower ones, there 
are curved lines of varying length (the sections of the incomplete 
cones). 

In the Perennibranchiata, and in the larval stages of the other 
Amphibia, we meet with essentially similar conditions; we meet, 
that is, with the same zigzag lines of the ligamenta intermuscularia, 
only they are not so markedly sinuous. When these ligaments take 
a more direct course the cones are not formed. In the adult Sala- 
mandrina the ventral portion of the lateral muscles in the trunk 
undergoes certain chtoges; and it is in the tail only that we can 
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Fig. 276. A Transverse section through 
the candal muscles of Scomber 
scomber, a Superior, a' Inferior 
lateral muscles, b and b' Section of 
imperfect upper and lower investing 
cones, d Centrum of the vertebra. 
B Zigzag lines of the superficial ends 
of the Lig. intermusculaj^ in the tail 
of Scomber (after J. Muller). 
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observe a symmetrical arrangement of the upper and lower halves ; 
the persistent dorsal portion is, however, still separated by inter- 
muscular ligaments into separate pieces, and is quite fish-like in 
character. 


§ 373 . 

In the Amniota, other muscles are derived from the ventral 
portion of the lateral musculature of the trunk, but it is retained, with 
modifications, in the tail of the Eeptilia and Mammalia, where it 
undergoes the same changes as the dorsal portion, which is still 
continued with great regularity on to the tail. 

In the Saurii, it is still possible to make out a separation of the 
dorsal lateral muscles by the intermuscular ligaments, but in all the 
rest of the Amniota they are still further differentiated, and give 
rise to a series of separate dorsal muscles. In the Mammalia we 
find them divided into a superficial and a deep portion. The former 
consists of the splenius, which is limited to the cervical region, and 
is partly inserted on to the skull, and partly on to the transverse 
processes of the anterior cervical vertebrae. The sacrospinalis is also 
one of the superficial muscles ; it is broken up into a median and a 
lateral portion (iliocostalis and longissimus). They both contain 
masses of muscle which have their origin in the sacrum and ilium. 
As the muscle passes up to the skull, accessory masses are added on 
to it, which take their origin partly from the ribs, and partly from the 
transverse processes. The insertions of the iliocostalis and longis- 
simus extend to the ribs, and those of the latter muscle to the 
transverse processes also. The deep layer is formed by the 
transverso-spinalis, which is formed of a system of muscles which 
arises from the transverse processes, and is inserted into the spinous 
processes ; it is more or less broken up into various layers 
(semispinalis, multifidus). 

Those parts of these muscles which reach the neck are often 
developed in size in proportion to the freedom of movement 
possessed by this region, and they may therefore be described as 
special muscles. The same remark applies to those ends of these 
muscles, which become developed into independent muscles, and 
extend to the skull. The trachelomastoid is the cranial portion of 
the longissimus, and the biventer and complexus of the semispinalis. 
The musculi spinales and interspinales belong to this group. The 
rectus capitis posticus major forms the most anterior spinalis muscle ; 
and the rectus capitis posticus minor is the first of the interspinales. 

The small muscles which move the vertical fins of Fishes must 
be regarded as being derived from the primitive lateral muscles of 
the trunk. 


§ 374 . 

The intercostal muscles must be regarded as a group derived 
frotu the lateral trunk muscles* Ih Fishes these muscles ate not 
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diSerentiatedj inasmucli as the muscles between the ribs, or their 

X ’valents, are stil^ portions of the lateral muscles. The ribs them- 
es lie in the intennuscular ligaments* In the higher divisions 
of the Tertebrata a more distinct differentiation obtains. These 
muscles are best developed in the (^hidii. ^ The muscles wh^h are 
found between the rudime^taa^ ribs, which are fused with the 
vertebrae, or between the transverse processes (intertransversarii), 
also belong to this group of intercostal muscles. So, too, do the 
levatores costarum, and the muscles which lie on the inner surface 
of the Ufall of the thorax (thoracici intemi), and the scaleni. The 
size of these muscles varies very greatly according to the extent 
and power of movement of the ribs ; special retractors may be added 
to the elevators of the ribs, as in the Ophidii. 

The broad ventral muscles must also, in all probability, be 
regarded as belonging to the system of intercostal muscles ; these ^ 
are found in those regidns of the ventral wall where there are no 
ribs. They consist of the obliquus extemus, obliquus intemus, 
and transversus abdominjs. The obliquus extemus corresponds^to 
the in1ercost.^xt'emus, and the internus to the intercost, internus. 
The tendinous l^nds found in many Amphibia, and in the Saurii, 
must be regarded as remnants of the primitive intermuscular liga- 
ments^. The obliquus extemus generally takes its origin from a 
large jfcrtion ef the thorax ; in the Eeptilia it is divided into several 
layers. 

In the Amphibia the transversus abdominis is a large muscle, 
as it is also in all Eeptilia except the Ophidii, where it is absent. It 
extends as far forward as the thoracic region. In Birds it extends 
as far as the hinder edge of the sternum, but in Mammals it has a 
wider area. 

The rectus abdominis appears to be the proportionately least 
altered portion of the primitive musculature ; its fibres retain their 
primitive course, and its inscriptiones tendinesD are remnants of its 
primitive septa. It generally extends from the sternum to the 
pelvis in the Amphibia, but when the sternum is shortened it is 
continuous with the stemo-hyoid (Amphibia). 

In the Crocodilini the transverse tendinous bands are ossified, 
and form the so-called abdominal ribs.^^ The M. pyramidalis 
must also be regarded as part of the recti abdominis ; it is found in 
the Salamandrina, Crocodolini, Eatitae, and also in many Mammals. 
In the Monotremata and Marsupialia it is largely developed. So 
much so, indeed, that it nearly xeaches to the sternum, and so covers 
the rectus ; it has its origin in one edge of the marsupial bone. 

§ 875. 

Tlie branchial akeleton of Fufhes is provided with a special 
system of muscles, which is repeated between each of its segments. 

the primary pieces of the law also belong to this skeleton, their 
muscles must be regarded as differentiations of the muscular system 
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of the branchial skeleton. Part of these muscles have their origin 
on the skull^ others belong to the difiejent archer while others again 
are arranged transversely, and act so as to approximate the arches of 
either side to one another. Muscles pass off from the branchial 
arches to the branchiostegal rays. JThey are well developed in the 
Selachii, but rudimentary in Osseodir Pishes, where they appear to 
be converted, on the hyoid arch, into the muscles of the operculum, 
and of the dermal rays of the gills. The Amphibia ai^ provided 
with a similar musculature during their larval stages ; this is partly 
derived from the muscles of Fishes, and is retain^ by the P^jpenni- 
branchiata throughout their life. When the branchial framework ' 
disappears, and the hyoid becomes more independent, part of the 
branchial musculature is taken up by it. 

As to the muscles of the jaw, it can be shown that an adductor 
pf the two parts of the mandibular arch in the Selachii undergoes a 
certain amount of differentiation into sevei^l parts, and forms the 
rudiment of the muscles of mastication. When the palato-quadrate, 
or the bones differentiated in it, are fixed th^ cranium, these 
muscles are inserted into the lower jaw. In the Amphibia and 
Reptilia an inner portion of this mass of masticatory muscles is 
differentiated as the pterygoid, and this again may be divided into 
two (Pt. extemus and intemus) (Saurii) ; the differentiation the 
temporal and masseter muscles is indicated by their arrangement in 
layers. In both classes the depression of the jaw is effected by a 
muscle, which forms a short but powerful belly on the hinder edge 
of the lower jaw. It corresponds to the posterior belly of the 
digastric of Mammals. The Ophidii are distinguished by an increase 
in the number of the muscles ; in addition to adductors of the 
lower jaw, special muscles, which move the quadrate and the various 
bones of the palatine arcade, may be seen to be largely developed 
in the Eurystomata. In Birds there are similar muscles, which 
elevate the pterygoids and the quadrate, and produce the movement 
of the maxillary apparatus. The temporalis is the largest of the 
proper mandibular muscles, and the adductor, which is present in 
the lower divisions, where the two halves of the jaw are movable, 
is replaced by a muscle which extends transversely between the two 
halves of the jaw, and has a different function. 

The masticatory muscles of the Mammalia are similar in number, 
origin, and insertion to the same muscles in Man ; as a rule they 
are larger, but otherwise they do not differ in any points except 
those which are due to the form of the surfaces of origin and 
insertion provided by the proper bones. 

§ 876. 

Of the paired appendages, the fins of Fishes possess a number 
of muscles on the girdle, as well as on the free portion, but it has 
not been possible to compare these muscles with those of other 

2 K 
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Vertelira^. They are divided into those which pass to the girdle, 
and those which belong to the appendage itself. 

When the appendages are metamorphosed, the musculatare 
undergoes changes also; the muscles are, indeed, simplified in 
number, but are entrusted with more functions, in consequence of 
the greater freedom and independence of the skeletal parts. 

As compared with the Fishes the most important change is the 
extension of the musculature of the shoulder-girdle and 
of the anterior extremity over the dorsal and ventral 
surface of the body; this obtains in all the higher Vertebrata. 
The muscles developed from the superior lateral trunk-muscles are 
covered over by muscles which go to the limbs, and which are sub- 
stituted in Fishes by a mass of muscle which arises from the head. 
These are slightly differentiated in the Perennibranchiata, and more 
so in the Caducibranchiata ; they form those muscles, which repre- 
sent the cucuUaris and the sterno-cleidomastoid in the higher 
divisions. They are supplied with nerves from the head. Other 
muscles, which are probably derived from the muscles of the trunk, 
and which pass to the appendages, partly from the back, and partly 
from the thorax, are added on to them. 

The other muscles, which belong to the limbs themselves, are 
derived from the layers, which in Fishes are more similar to one 
another, and which cover the dorsal and ventral faces of the skeleton 
of the thoracic fin. The musculature undergoes great changes 
owing to the reduction of this fin, and to the modifications under- 
gone by the parts that are persistent; the changes, therefore, in 
the anatomical characters of the musculature in the various divi- 
sions run parallel to the functional changes in the value of the 
appendages. 

In the hinder limbs the relations of the pelvic girdle to the axial 
skeleton are, at first, the factors which affect the characters of the 
musculature. The absence of any connection between these skeletal 
parts is the cause of the greater independence of the pelvic girdle 
in Fishes ; so far as this affects the musculature it is made up for by 
its more indifferent character. The more intimate connection be- 
tween the pelvic girdle and the axial skeleton in the Amniota 
diminishes its powers of movement, and, consequently, the develop- 
ment of the muscles by which this is effected. The muscles which 
belong to the limb itself have their origin in the pelvic girdle, or in 
the skeleton of the limb ; they seem, on the whole, to be divided 
into the same groups as those of the fore-limb, with the exception 
of such modifications as are due to the difference in the function of 
the two limbs. 

§ 377 . 

The subvertebral muscles form a special group. They lie 
below the vertebras and their lateral processes, so that in the thoracic 
region they lie within the thorax. 

The musculus longus fcnms an anterior portion of the muscles 
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below the vertebral column; this is first seen in Baptfies; it 
generally commences within the thoracic cavity, and extends along 
the neck up to the skull. It breaks up into several portions, which 
are distinguished as longus colli, or longus capitis, according to the 
point of insertion. 

Another subvertebral system of muscles appears to lead to the 
formation of the Diaphragm. This arrangement does not obtain 
in Fishes, and it is doubtful whether the separate bands of muscle, 
which embrace the oesophagus in the Amphibia, can be looked upon 
as forming a rudimentary diaphragm. Among the Reptilia, the 
Chelonii have a muscular layer over the lamella of the peritoneum, 
which encloses the lungs; this takes its origin partly from the 
centra of the vertebrae, and partly from the rib-like transverse 
processes. In the Crocodilini there is no diaphragmatic muscle, for 
it is not possible to regard the highly-developed peritoneal muscu- 
lature as being a formation of this kind, as it has its origin in the 
anterior wall of the pelvis. There are indications of a muscular 
investment of the lungs in Birds ; it is best developed in Apteryx. 

It is in the Mammalia only that there is a well-developed 
diaphragm forming a partition between the thoracic and abdominal 
cavities. The oblique direction, taken by the muscle in the Reptilia 
and Aves, is necessarily converted into a transverse one. The 
muscular portions arise in part from the vertebral column, and in 
part from the ribs ; they pass into a centrum tendineum, which is 
occasionally absent (Delphmus). 

Humphry, G. M., Observations in Myology. Cambridge and London, — 
Fubbbingeb, M., Vergl. Anat. der Schultermuskeln. Jen. Zeitsobr. '^I. YlII. 
Morphol. Jabrb. IL — ^De Man, Vergl. myolog. n. nenrolog. Stud. Leiden, 
1873. — Vetter, B., Vergl. Anat. der Kiemen. u. Kiefermnskulatnr der 
Fische. Jen. Zeitschr. VIII. 


Electric Organs. 

§ 878 . 

The so-called electric organs are special apparatuses which are 
found in a very few Fishes; they are of importance, from an 
anatomical point of view, in consequence of the large masses of 
nerves which end in them, and from a physiological point of view, in 
consequence of the development of electricity in them. The endings 
of the nerves have very much the same relations as have the ends 
of motor nerves in muscular fibres, while there are many points in 
the development of these organs which point to their having had 
their origin in metamorphosed muscles. There is sufficient reason, 
therefore, for regarding these organs as belonging to the muscular 
system, although we do not yet know anything of their earlier 
stage, in which they probably appeared as muscles. 


2 ir 2 
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The Pishes which are provided with these organs belong to 
the genera Torpedo and Naroine among Rays, Gymnotus among 
Eels, and Malapterurus among the Siluroids; Mormyrus also has 
similar organs. There is a pseudo-electric apparatus in Raja. 

Although these 



organs differ greatly 
from one another in 


details, in the dif- 
ferent genera, they all 
agree in being com- 
posed of alveoli of 
various forms, which 
are bounded by con- 
nective tissue, and 
filled with a jelly-like 
substance. The nerves 
pass to one surface of 
these alveoli, where 
they form fine net- 
works, and give rise, 
finally, to an electric 
plate,^^ which repre- 
sents the ends of 
these nerves. 

The relation of 
this plate to the 
whole apparatus, and 
its relations to the 
nerves, are described 
in the following ac- 
count of what is seen 


Fig. 277. A Torpedo, with the electric organs dis- 
sected out. On the right the surface only of the 
organ (oe) is shown. On the left side the nerve-trunks 
passingtothe organ are dissected out, and part isfollowed 
some way into the organ. The cavity of the skull is 
laid open, and the brain displayed. I Fore-brain. 
II *Tween-brain. Ill Mid-brain. IV Electric lobe. 
V Vagus, tr Trigeminal, t/ Its electric branch. 
0 Eyes. / Spiracular cleft, t Mucous tubes of the 
skin, hr BranchieB; on the right they are covered 
over by a common layer of muscles, on the left the 
separate branchial sacs are shown. 


in the Torpedo. 
The electric organ 
(oe) is placed between 
the head, the bran- 
chial sacs (Fig. 277, 
hr), and the proto- 
pterygium of the tho- 
racic fin ; it is as deep 
as the whole body, 
and is invested by a 
tendinous membrane. 


which is covered by the integument above and below. Each organ 
is made up of a number of parallel prisms, which again consist of a 
series of elements set in rows one on the other ; these are 


the above-mentioned alveoli. They are closely united with one 
another by connective tissue ; they all receive inferiorly the nerves 
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whicli pass into the prisms, and the free surface of the electric 
plates are directed dorsally. Five large nerve-trunks pass to the 
organ ; these rami electrici belong to difEerent cranial nerves, but 
principally to the vagus ; they are distributed between the prisms. 

In the other Electric Fishes these organs agree with what has 
been described, so far as their more minute characters are concerned, 
but they differ in position, and in the characters of the alveoli. In the 
Electric Eel, for example, the organs lie in the caudal region of the 
body, just below the external integument. In Malapterurus’ the 
organ extends over the whole surface of the body, just below the 
integument; and in the Mormyri again it is found in the tail. There 
are corresponding differences with regard to the nerves, so that 
we may conclude that these organs are morphologically different, 
notwithstanding their histological and physiological similarity. 

ScHULTZB, M., Zur Kenntniss d.elektr.Org.d.Fisolie. Abh. d.Naturforsch.GesellBch. 

Halle, 1858. 


Nervous System. 

§ 379. 

The central organs of the nervous system are placed above 
the axis of the spinal chord, in the canal formed by the superior 
system of arches of the axial skeleton. They consist of symmetrically- 
arranged nervous masses, which are similar in character throughout, 
in the Acrania only; in the Craniota ttiey are differentiated into 
two large portions, the brain, and the spinal chord. Although 
the latter has without doubt a great similarity to the ganglionic 
chain of segmented Invertebrata, it is quite impossible to derive the 
spinal chord from it ; the central nervous system of the Verte- 
brata is rather to be regarded as representing the superior, 
or cerebral, ganglia of the Invertebrata in an extremely 
high state of development. The earliest rudiment is derivedfrom 
a differentiation of the ectoderm. The medullary plate,^^ which is 
formed in this way in the Invertebrata, does not extend along the whole 

of the rudimentary body, or if it 
does so at first, it does not keep 
pace with the growth of thebody 
(Ascidias) ; in the Vertebrate 
embryo, however, it is of very 
nearly the same length as the 
body, so that the central nerv-. 
ous system extends throughout 
the whole length of the body. 

The medullary plate forms 
a groove by the uprising of 
its edges (ly), which are continued into the neighbouring ectoderm 
(epiblast) (Fig. 278, h ) ; this is gradually converted into a closed 



Fig. 278. Diagrammatio section throngh 
the embryo of the Fowl (end of the first 
day), ch Notochord, w Primitive vertebrae. 
sp Lateral plates. m Medullary groove. 
IV and h Epiblast. d Hypoblast (after 
Eemak). 
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tube. This gradually sinks away from the surface of the body, 
owing to the growth over it of the epiblast, and of parts differen- 
tiated from the mesoderm. The medullary tube, which is formed 
in this way, remains as a simple chord in Ajnphioxus, the most an- 
terior region of which contains an en- 
largement of its central canal. But in 
the Craniota, diverticula appear in the 
most anterior portion before it is com- 
pletely closed (Fig. 279, a) ; these form 
the rudiments of the brain, while the re- 
mainder of the medullary tube is equally 
differentiated throughout, and forms tho 
rudiment of the spinal chord. 

In addition to their position, which 
is always an important point in com- 
parison, the rudiments of the nervous 
centre of the Vertebrata have, in common 
with those of various Invertebrata, certain 
relations to the higher sensory organs 
(and especially to the optic organ) ; and 
in this respect the Tunicata are those 
„ , „ , which exhibit the closest affinities. In 

mm® as in the Vertebrata, the whole of 

ments of the central nervons the medullary tube 18 not closed in the 
system, of which the medullary same way; in the cerebral region, it is 

S^riSly*°TThf i? connection with the exterior for a long 

of the three primitive cerebral time. In comparing the nervous system 
vesicles, a' Sinus rhomboidaiis of Vertebrates with that of the Tunicata 


in the lomtayegion. c ^te^ the chord, which is continued along tho 
plates, which bound the rudi- j i. x-i x -i • 

mentary body, d Epiblast and clorsal region, and on to the tail in the 

mesoblast, / Hypoblast (after larvfio of the Ascidise, and in the Appen- 
Bischoff). dicularia (§ 305), is of importance; this, 

which is distinguished by its ganglia, 
appears to indicate the path by which the hinder portion of the 
central nervous system of the Vertebrata was phylogenetically 
developed, and gradually converted into the spinal chord. As there 
is such a great difference between the true central organs and this 
chord, that it is impossible to regard the chord as a true continuation 
of the central organ, or even as a portion of it, which merely 
differs in consequence of its position, it must be supposed that the 
brain, or the most anterior portion of the medullary chord in 
Amphioxus, represents the more primitive portion of the nerve- 
centre; while it is also the first to appear in the embryo. The 
similarity between the rudimentary spinal chord and brain would 
then be merely a condition, which had been acquired by the Verte- 
brata, and which had its starting-point, phylogenetically, from 
a chord which was continued on from the primary nerve-centre, 
such as we now meet with in the Tunicata. According to this 
view the whole medullary tube is not derived, phylogenetically. 
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from a mere elongation of a sRorter nerve-centre, but from the 
gradual development of a nerve-cbord, wRicli primitively formed a 
peripheral apparatus only. The differences in the characters of the 
brain (exclusive of the medulla oblongata) and of the spinal chord, 
so far as regards the arrangement of the white and gray substance, 
serve to confirm this view, which is also supported by other facts. 

A. Central Organs of tlie Nervous System, 

a) Brain. 

§ 380. 

Three successive portions are developed from the rudiments of 
the brain (Pig. 280 a), the cavities in which communicate with one 
another. The last of these passes freely into 
the medullary tube behind it. These primi- 
tive cerebral vesicles give rise to new seg- 
ments, so that we can soon distinguish five. 

The first is known as the Fore-brain or 
Prosencephalon (Fig. 280, a); the next as 
the Twixt-brain or Thalam encephalon (6); 
the Mid-brain or Mesencephalon (B C c) 
forms a third swelling ; and this is succeeded 
by the Hind-brain or Metencephalon (c?), 
and the After-brain or Myelencephalon (e), 
which is directly continuous with the spinal 
chord, and with the metencephalon. The 
metencephalon forms the most anterior por- 
tion of the roof of the myelencephalon, and is 
not therefore as distinct as the rest of the 
cerebral vesicles. At first, the vesicles are v f i 

placed one behind the other, and lie in the line mSiahwctiras through 
of the longitudinal axis of the spinal chord, a Vertebrate brain, ^of 
but they soon come to be set at an angle to 
one another. This is due to the unequal emb^nf"an Adder® 
growth of the upper and lower portions, for c Of the embryo of a 
the upper ones increase greatly in size. Those Goat, a Prosencephalon. 

parts which are least developed become covered 

over by the growth of some of the upper parts, markeriby kSten! 
Between the prosencephalon and thalamen- f Myeience. 

cephalon the wall is thinned out, and a fissure- 
like portion developed (primitive cerebral 
cleft. Fig. 280, s), into the interior of which a 
process from the envelopes of the brain is continued. This is not a 
true lacuna, but is merely due to the gradual thinning-out of the 
wall of this portion. The epiphysis (pineal gland) is developed 
from a part oi this roof. 

The lower portion of the thalamencephalon forms the floor of the 
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second cerebral vesicle, and gives rise to a diverticulum, which is 
found in all Oraniota, and is known as the infundibulum. From the 
lower side of the head a depression of the ectoderm grows towards 
this diverticulum; later on, the ingrowth becoming pinched off, forms 
a portion of the cerebral appendix attached to the infundibulum 
(hypophysis). The range of the position of the depression for the 
hypophysis as far forward as the entrance into the cavity of the 
month enables us to recognise in this structure an organ, which 
primitively did not belong to the nervous system at all, and the 
function of which is still a matter for speculation. 

Just as the upper wall between the fore- and twixt-brains gets 
thinned out, so too the roof of the myelencephalon is thinned out, in 
such a way that no roof remains but such as is formed by the outer- 
most vascular layer of the nerve-centre, the pia mater. The large 
cavity which is thus roofed over forms the fourth ventricle. 

The ventricles, or cavities in the portions 
derived from the primary cerebral vesicles, are 
connected with one another in just the same 
way as the cavities of the cerebral vesicles. 

The brain of the Cyclostomata is the 
simplest in form; among them the lowest 
grade is occupied by the Myxinoidea, where 
the various segments have very nearly the 
same characters. 

A portion, which is developed from the 
fore-brain, and which gives off the olfactory 
nerves (bulbus or lobus olfactorius), generally 
forms large lobes, which, in the Selachii, are 
connected with the brain by a more or less 
long tractus olfactorius (Fig. 281, Ti), The 
ventricle of the prosencephalon is continued 
into them. They may also be fused with the 
prosencephalon, which is larger than the other 
divisions, in the Selachii {g), and gives indica- 
tions of a separation into two, four, or more 
paired pieces. ^ It is large also in the Ganoidei (Fig. 282, g), while in 
many Teleostei it is greatly reduced in size, as compared with the 
other regions of the brain. 

In the Selachii the thalamencephalon is distinctly separated from 
the mesencephalon (Fig. 281, d), but in many Teleostei it is intimately 
connected with it. The anterior portion of its roof contains the 
above-mentioned cleft, and this portion is not unfrequently de- 
veloped into an elongated tract, which forms a longitudinal com- 
missure between it, and the prosencephalon (many Sharks and 
Ganoids). The remainder of the primitive roof, which contains the 
hinder portion of the cleft, is sometimes very large, and divided 
into two hemispheres; this is the case in the Selachii and many 
Teleostei. The floor of this segment, which surrounds the infun- 
dibulum, and forms the lobi inferiores at the base of the brain, is 



Fig. 281. Brain of a 
Shark (Scyllium catu- 
Ins). h Olfactory lobes. 
g Frosencephalon. d 
Thalam- and mes-ecce- 
phalon. h Metencepha- 
Ion. a Myelencephalon. 
0 Nasal capsules (after 
Bnsch). 
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simple in tHe Oyclostomata, and in tlie SelacEii presents indications 
merely of its divisions. It is not developed to any ^eat size 
except in the Teleostei. The succeeding mesencephalon is small in 
the Myxinoids, but larger in Petromyzon. In the Selachii it ap- 
pears to be united to the thalamencephalon, while the portion which 
corresponds to it, in position at any rate, is regarded as the cerebellum. 
This portion is very greatly developed, so much so, indeed, that it 
covers over those parts of the brain that lie in front of and behind 
it (Fig. 281, b). In the Teleostei this part of the brain is pro- 
portionately more developed, and sometimes has the form of a 
protuberance directed forwards or upwards. The rest of the brain, 
which lies behind the mesencephalon, must be regarded as one piece. 
It is of great importance as being the region from which 
most of the cerebral 
nerves take their origin. 

Its roof is unequally de- 
veloped. That is to say, in 
the hinder, and larger, por- 
tion, it is soon atrophied, so 
that the internal cavity 
(sinus rhomboidalis), which is 
widened out anteriorly, is 
only covered over by mem- 
brane. In the Selachii and 
Chimaerm the edge of this 
sinus is thickened anteriorly 
(lobi nervi trigemini). It is 
simpler in the Ganoidei and 
Teleostei. But in all Fishes it 
is continued mesially into a 
transverse lamella (Fig. 282, 
b c), which covers in the sinus 
anteriorly, and has the mesen- 
cephalon projecting over it, 
when this portion is very 
large. This transverse la- 
mella appears to correspond to the cerebellum of the higher Verte- 
brata, while the base and sides of the sinus are formed by the myel- 
encephalon (medulla oblongata). As we pass from the Selachii 
to the Teleostei we note that the medulla oblongata diminishes in 
size; in many Sharks it forms the largest portion of the brain. 
And this corresponds to a primitive stage, in which it and the 
mesencephalon form the largest part of the whole brain. 

When it is still more developed, swellings may be observed 
on the sides of the fourth ventricle; these are set in series, and 
correspond to the points of origin of the roots of the vagus 
(lobi nervi vagi). The lobi electrici of the Torpedines are dif- 
ferentiations of this kind, which, however, unite above the narrowed 
ventricle (cf. Fig. 277, iv). 



Fig. 282. Brain of Polypterus bichir. 
A From above. B From the side. C From 
below, h Lobi olfaotorii. g Prosencepbalon, 
/ Thalamencephalon. d Mesencephalon, be 
Metenoephalon. a Myelenoephalon (medulla 
oblongata), ol N. olfactorius. o N. opticus 
(after J. Muller). 
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§ 381. 

The brain of the Amphibia resembles that of the Pishes in many 
points. The prosencephalon (Pig. 283, b) is divided into two hemi- 
spheres, and shows signs of being enlarged backwards. The cavity 
within it is divided into two lateral ventricles, one for each half, and 
these are continued forwards into the olfactory lobes (a). At first, 
these lobes are placed at the side of the prosencephalon (6), and 

are directly attached to it, but they may 
MUl become closely fused with the prosence- 

phalon, and with one another. The olfactory 
I \ nerveariseson their lower surface, someway 

back, and near the prosencephdon. The 
^ thalamencephalon is differentiated during 

the larval stage from a portion which is 
common to it and the mesencephalon. In 
front of it is the primitive cerebral cleft, 
which is more or less continued into the 
thalamencephalon, and carries the epiphysis 
cerebri. The cleft extends anteriorly into 
the lateral ventricles, which are enclosed 
by the two hemispheres of the prosence- 
phalon. On the lower surface of this por- 
tion there is an eminence, which corresponds 
to the lobi inferiores. 

In the Urodela the mesencephalon re- 
mains at a certain stage, which is temporarily 
presented by the Anura; it is in the latteronly 
Fig. 283. Brain a^d spinal ^bat it becomes of any size, and is divided 
chord of lihe Frog. ^ from into two halves (c). The metencephalon, how- 
i. below, retains its primitive form of a lameUa, 

oephSot!“MesenLphato”’ bridges over the fourth ventricle (d). 

d Metencephalon. eMyelen- In the brain of the Reptilia the angula- 

cephalon. s Fourth ven- ^ion which we already observed in Pishes has 

^Klnm TemMe of ‘the much increased in the region of the 

chord. thalam- and mes-encephalon, owing to the 

increased development of the upper parts ; 
this produces a change in the relative position of the parts, which 
is still more marked in the higher divisions (compare the sections 
in Pig. 280). The prosencephalon is more largely developed, and has 
the form of two hemispheres, covering the thalamencephalon, and 
broadest behind. The olfactory lobes are attached directly to them. 
The lateral ventricles are very large, and communicate at the cerebral 
cleft with the third ventricle, which is placed between the two 
halves of the thalamencephalon, and is provided with a large in- 
fundibulum. The mesencephalon is divided by a groove into two 
hemispheres, which sometimes project very far forwards. The 
metencephalon varies a great deal; in Uie Ophidii and Saurii it 



BEAIN OF VERTEBRATA. 


607 


remains at a low stage of development, and forms a small lamella, 
which is raised np, however, in a vertical direction ; in the 
Chelonii (Fig. 284, A IF) and Crooodilini it is Broader, and in the 
latter it is distinguished by the large size of its median portion. 



Fig. 284. Brain of a Chelonian (after Bojanus). B Of a Bird. Vertical median 
sections. I Prosenceplialon. Ill Mesencephalon. IV Metencephalon. F Myelen- 
cephalon. ol Olfactory, o Optic nerve, h Hypophysis, a (in ^1) connection between 
the two hemispheres of the mesencephalon, c Anterior commissure. 


This condition connects theEeptilia with the Aves, which are distin- 
guished by the great proportionate size of their prosencephalon, tho 
hemispheres of which are often greatly broadened out. They are con- 
nected by a fine anterior commissure (Fig. 284, B c), and enclose a gan- 
glionic mass, which projects inwards from the sidewall, and convert- 
ing the primitive cavity into a narrow space which is covered over by 
the thin-walled roof of the hemispheres, itself forms the largest part 
of the prosencephalon. These 
masses may be observed in as 
low forms as the Amphibia, and 
in the Reptilia they are very 
large (Fig. 286, A st). The small 
thalamencephalon, which is 
completely covered over by the 
hemispheres of the prosence- 
phalon, has its roof divided. The 
mesencephalon, which is very 
large in the embryo, is divided 
into two pieces, which are pushed 
down to the sides of the brain 
(Fig. 285, c), and have the general 
internal cavity continued into 
them. The large median portion of the cerebellum is transversely 
laminated, and, owing to its size, covers over the whole of the 
myelencephalon. 

§ 382. 

In the Mammalia the brain closely resembles that of the lower 
forms in its earliest stages only (cf. Fig. 280), for, owing to its special 
line of differentiation, it is very different to that of Birds and 



Fig. 286. Brain of the Domestic Fowl. 
A From above, B From below, a Bulbi 
olfactorii. b Hemispheres of the prosen- 
cephalon. c Mesencephalon, d Meten- 
cephalon. df Its lateral parts, e Myel- 
enoephalon (after C. G. Cams). 
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iReptiles. The most important changes are seen in the prosen- 
cephalon, which has the olfactory lobes, which are as a rule still 
hollow, connected with its lower surface ; these lobes are more or 
less covered over by the hemispheres, according to the extent to 
which they are developed. The prosencephalic hemispheres are 
always separated by a fissure, which is very deep anteriorly. They 
are primitively connected together by a commissure which is placed 
in front of the primitive cerebral cleft ; through the cleft there is a 
passage into the cavities of the prosencephalon, or lateral ventricles. 
When they are more highly developed, the hinder portions of the 
hemispheres increase in size; the cleft, which was at first small, is 
laterally extended and disappears from the surface, being completely 


A 3 



Fig. 28G. Differentiation of the prosencephalon 
a fcBtal Calf, C Of a Cat. In A and B the roof of the prosenccphalio cavity is 
removed from the left side, and the fomiz from the right. In C the whole of the 
lateral and posterior portions of the right prosencephalic lobe are removed, and so 
much on the left as is necessary to display the upward bend of the comn anunonis. 
In all the figures I marks the prosencephalon. II Thalamencephalon. Ill Mesence- 
phalon. IV Metencephalon. V Myelencephalon. ol Olfactory bulb (shown in A as 
communicating with the cavity of the prosencephalon), st Corpus striatum, f Fornix. 
h Fes hippocampi major. 8 r Ehomboidal sinus, g Geniculate process. 



covered over by the hinder wall of the lateral ventricles, which have 
grown out at the sides and behind. With this is correlated the differ- 
entiation of the primitive commissure into a system of commissures, 
the lowest stage of which is represented in the Monotremata and 
Marsupialia. The primitive commissure is first differentiated into 
^n inferior and a superior portion ; the former is the anterior com- 
missure ; the latter forms a slender bridge, which is placed above the 
anterior edge of the thalamencephalon, and below which there is on 
either side the entrance into the latesal ventricles ; these last extend 
downwards and backwards. In their anterior region the corpus 
striatum forms a projection (Fig. 286^ B 0 st), and posteriorly there 
is a rounded process, which is connected with the upper portion of 
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the system of commissures, and which forms the posterior boundary 
of the margin of the cleft, which always lies above the thalamen- 
cephalon (cornu ammonis sive pes hippocampi major) {0 h). 

The superior commissure is converted into two different, but 
connected, structures. The sides of one bound the entrance into 
the lateral ventricles superiorly, and it passes, at its sides and below, 
into a band which is placed on the hippocampus major. This portion 
(fornix) {B G f) commences anteriorly by ascending columns, is 
somewhat broadened out over the thalamencephalon, and is con- 
tinued into the posterior descending columns. Superiorly it is 
connected with a portion of the commissural system, the corpus 
callosum, which, at first continuous with it, becomes anteriorly 
separated from it. The backward extension of these commis- 
sures is dependent on the development of the hemispheres of the 
prosencephalon, which are feebly developed in Rodents, Edentates, 
and Insectivora. According as they increase in size, the anterior 
commissure is diminished in area. In the Monotremata and Didel- 
phia it is very much so, and is converted into a thin chord placed 
in front of the columns of the fornix. The more the hemispheres 
of the prosencephalon are enlarged backwards, the more do they 
overlie the parts behind them. 

In many Mammals the hemispheres are smooth, and the surface 
of the prosencephalon is then in a simple stage, corresponding to 
its embryonic characters; these may be complicated by gyri and 
sulci. The gyri are at first arranged regularly and symmetrically, 
and only become asymmetrical when they are more largely developed, 
as they are, for instance, in Man. But even in this case they may 
be divided into groups, the boundaries of which are formed by the 
earliest, which are in some Mammals the only, sulci present, Tho 
gyri are similar in character in their earliest stages only. When 
they are complicated, the arrangements differ in different divisions 
of the Mammalia, and serve as indications of the degree of afiinity 
that there is between such divisions. 

The thalamencephalon is divided into two masses, which lie 
immediately behind the corpora striata of the lateral ventricles of the 
prosencephalon, tho thalami optici. The epiphysis is placed at the 
hinder end of the cleft which separates them. The cavity of this 
portion is reduced to a small space between the two thalami, and is 
continued downwards into the infundibulum, which is carried by the 
tuber cinereum. 

The mesencephalon, which for a long time forms the largest 
division of the brain (Fig, 280, 0 c), has its primitive lumen gradually 
converted into a narrow canal (aqueductus Sylvii), which unites the 
third with the fourth ventricle. Its surface is divided by shallow 
longitudinal and transverse grooves into four bodies (Fig. 286, BO 
III), in consequence of which fhe corpus bigeminum becomes the 
corpora quadrigemina. This division into four lobes is very slight in 
the Monotremata. ^ 

The metencephalon (cerebellum) only resembles that of JJhe 
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^ ISuT ettrlier stages (^dewlopmeat.’ 

1i|t$ Itiae^ Is into a lan^ body, in whiofl, as i& 

‘iaie(Sp^&d and Ayes, tihe% part to diierebtM is the 
Hidiiile. la the Marsapialia, however, this iorms a d^eate tianso 
yens oonuoissnre for some time, while the lateral parts are dev^oped 
to a greater size. Transverse lameUss are developed in both i^^ns, 
and are arranged in varions groups. The median portion is aX^ys 
the larger in the Monotremata, and it is large in the Marsujnalm, 
Edentata, and Ghiroptera. It is not till we come to the Carnivora 
and Ungnlata that we find the lateral parts, or “ hemispheres of 

the cerebellum/’ de- 
veloped to a greater 
size ; in most Primates 
they are so much the 
larger, that the median 
portion diminishes, 
and is known as the 
“ vermis.” 

As the prosence- 
phalon increases in 
size, it gradually 
covers the other di- 
visions of the brain. 
In many Marsupials, 
and in Rodents (cf. 
Pig. 287, A) and In- 
sectivora, it does not 
reach to the corpora 
quadrigemina ; and, 
in most of the other 
Mammalia the meten- 
cephalon is altogether 
or very nearly free; 
in the Primates, however, this portion is altogether below the 
posterior lobes of the prosencephalic hemispheres ; in this point the 
anthropoid Apes most closely resemble Man. When the hemi- 
spheres (A the metencephalon increase in size, a transverse commis- 
sure is developed on the lower surface of the primitive myelencephalon 
— the pons Varolii; this appears to unite the anterior portion of the 
myelencephalon more closely to the cerebellum. This commis- 
sure is feebly developed in the Monotremata and Marsupialia, and 
most largely in the higher Primates. 

UiHALKOViCB, y. r., EntwiokelongegeBoh. des Gehirns. Leipzig, 1877. 



From abore, 
I Prosencephalon. 


Pig. 287. Brain of the Babbit. 

B From below, lo OlfaotoiT' lobes. 

HI Mesencephalon. IV Metenoephalou. 7 Myelen. 
rephalon. h Hypophysis. 2 Optic. 8 Ocnlo-motor. 
6 Tngeminus. 6 Abduoens. 7 8 Facial and auditory 
nerves. In A the roof of the right hemisphere is 
removed so that we can see into the lateral ventricle, 
and make oat the eorpns striatnm in front, and the 
fomiz with the commencement of the pes hippocampi 
major behind. 
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§ 



affile spinal chord, whickis continnous with the medulla oblongata 
is formea from the de- 
velopment of the lateral ^ 

halves of the wall of the 
primitive medullarytube. 

As the lateral parts in- 
crease in size an anterior 
longitudinal fissure is de- 
veloped. The primitive 
lumen of the tube is con- 
verted into the central 
canal. 

The central appara- 
tus of the spinal chord 
occupies the inner parts, 
and forms a gray medul- 
lary mass, which is seen, 
in cross section, to have 
the form of cornua, which 
pass forwards and back- 
wards (Fig. 288 , de). 

Owing to the distri- 
bution of the central 
apparatus in the central 
portions of the spinal ^ 

chord, that is, in the gray columns which pass ofE from the region 
of the central canal (c), the white medullary mass, which consists 
of nerve-fibres, is chiefly placed towards the 
exterior, forming longitudinal columns, which 
are partly separated from one another by the 
anterior and posterior longitudinal fissures (ab)^ 
and partly by the points at which the roots of the 
nerves pass out {ghi). This arrangement ot 
the white matter is a peculiarity of the spinal 
chord, and is also a point of difference between 
it and the ventral chord of the Annulata and 
Arthropoda, which is of great significance. 

In the Oyclostomata the spind chord forms a 
flat band, as it does also in Chimssra ; in most it 
is more cylindrical in form, and gradually 
diminishes in size as it passes towards the end 
of the spinal canal. There are often special 
enlargements at the points where the larger 
nerves are given off ; they are very strikingly 


Fig. 288. Transverse seotion throngh the spinal 
chord of a Calf, a Anterior, h Posterior longi- 
tudinal fissure, c Central canal, d Anterior, 
e Posterior cornua. / Substantia gelatinosa. 
g Anterior column of the white substance, h Later^. 
i Posterior column, h Transverse commissures. 



Brain and 
spinal chord of Ortha# 
gosrscus mola (after 
Arsaky). B Brain and 
anterior region of Uie 
spinal chord of Trig la 
adriatica (after Tiede. 
mann). 
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derdoped in some species of Trigla (cf . Fig. 289^ B), as is a smaller 
nnmb^ of them forming the exceptionaUj short spinal chord of 
OrthagorifloaB^ etc. (A). 

As the size of the spinal chord is influence by the masses of 
nerves which are given off from it^ we find that in the four higher 
classes of the Tertebrata the great development of their extremities 
and the large size of the nerve^chords that go to them are con%lat^ 
with the increased development of the size of the spinalchord in various 
regions. In this way the cervical^ or thoracic^ and lumbar enlarge- 
ments are formed ; they are very large in some cases (e.j^. Ghelonii 
and Aves). The primitive medullary cavity^ which persists as the 
<;pntral canal^ remains open in the lumbar swelling of IBirds^ and thus 
aeinus rhcmaboidalia is developed; this is similar to the sinus which 
is always found in the medulla oblongata. It is found for a short 
time in the embryos of Mammals also (Fig. 279^ a). 

As a rule the spinal chord extends through the whole of the 
spinal canal; but in the Amphibia (Anura) and Aves^ and most 
markedly in many Mammalia^ it is pressed more forwards, owing to 
the unequal development of the enclosing and enclosed parts, so that 
the nerves which are given off from it for the hinder parts of the 
body, have to run for some way in the spinal canal before they get 
to their orifices of egress. 


c) Investments of the Central Nervous System. 

§ 384. 

As the cavity of the skull is adapted to the brain, which it 
encloses, this latter at first fills up the cranial cavity. The same is 
true of the spinal chord and spinal canal. The surface of the whole 
of the central nervous system is separated from the walls of its case, 
which are formed by the skeleton, by parts which either belong to 
the skeleton, or to the nervous system, or which are interstitW in 
character. These form the coverings of the brain and spinal chord. 

The periosteal investment of this skeletal cavity develops the 
dura mater. In the lower divisions this membrane appears to be 
a mere periosteal (or perichondrial) layer; it is not much larger till 
we reach the Reptilia, where it first acquires the character of an 
independent formation. In the cranial cavity of Birds it forms a 
process between the hemispheres of the prosencephalon (falx 
cerebri), and this is found in most Mammals also, where it is accom- 
panied by a process — ^the tentorium cerebelli — ^best developed in 
the higher orders, which projects between the cerebellum and the 
posterior lobes of the prosencephalon. In many Mammalia (Car- 
nivora, Perissodactyla, etc.) the tentorium is ossified. The spinal 
portion of the dura mater is less peculiar in character. In the Mam- 
malia it is separated from the periosteum as high up as the occipital 
foramen, and forms a sac, which loosely envelopes the spinal chord. 
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The pia laater, part of the nervous s^tem^ is a layer of con* 
nective^Wsue eovifmg the in wmch the blood-yessels of 

the nervous centres run. It extends into the depression# between 
the different portions. It sends out convoluted vessels (retia) £rom 
the large cerebral' cl^^ which are connected with the roof of 
the cleft ; these pass into the interior of the lateral ventricles of the 
prosen^htdon. It is continued over and forms a roof for the sinus 
rhomboidaBs of the xnyelenoephalon^ where it often forms a vascular 
plexus. 

The arachnoid membrane is the most variable. In those 
Fishes^ in which the brain fills the crahud cavity^ it is a thin Jayer of 
connective tissue which scarcely deserves the name of a meiibrane^. 
for it is as intimately oomsected with the pia^ as with ihe dura mater* ^ 
When a lai^er space is formed between the brain an^ the wall of 
the skull^ this tissue is eilher converted into a network filled with 
lymph (Squatina), or into gelatinous tissue (Scymnus), or it gives 
rise to fat cells (many Tdeostei). In the higher Vertebrata the 
arachnoid is generally a delicate layer of connective tissue ; m the 
Mammalia it is differentiated as it is in Man. 


B. Periplieral Nervons System. 

§ 385. 

The nerves which are given off from the central organs are 
divided into spinal and cerebral nerves ; in the Acrania there is no 
difference between these two kinds. In Amphioxus only one 
anterior and larger trunk is remarkable for its course, and ite 
numerous ramifications in the anterior end of the body. It is 
clearly comparable to one of the cerebral nerves of the higher 
Vertebrata, but it must be here noted that, compared with the 
Craniota, the whole organisation of Amphioxus is in an indifferent 
condition. The other nerves of the medullary tube (with the excep- 
tion of those for the nasal pit and eyes) are similar in character to 
spinal nerves, and are remarkable for the fact that they are given 
off alternately from the medullary chord. The similarity in the 
characters of these nerves leads to the supposition that the difference 
between the cerebral and spinal nerves,, which is seen in the 
Craniota, is a condition which was acquired by them, when the head 
was developed. The nerves of Amphioxus have no ganglia, and are 
formed by single roots ; this, again, is a point in which thev differ 
markedly from the Craniota. As Amphioxus has no “ head,” in the 
sense in which we speak of it in the Craniota, we cannot supp^ 
that the nerves are separated into cephalic and spinal nerves, 
most we can do is to regard the nerves which belong to the region 
in front of the posterior boundary of the branchial cavity, as the 
indifferent equivalents of the cephalic nerves of the Craniota, and 
the rest of the nerves behind these as spinal nerves. 
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a) Spinal Nerves. 

§ 386. 

The metamerism of the vertebrate body, which is first seen in 
the formation of primitive vertebrae, is quite as much expressed by 
the characters of the spinal nerves, and by their mode of distribu- 
tion. A pair of nerves corresponds to each vertebral segment. 
lEach nerve is formed by the union of two roots which have their 
^origin in the lateral halves of the spinal chord. The superior or 
sensitive root forms a ganglion, before it unites with the inferior or 
motor root; and the fibres thus formed mix with those of the lower 
^root, and form the trunk of a spinal nerve. In the Selachii the 
inferior and superior roots pass through separate foramina in the 
spinal canal. As a rule, the nerves leave the spinal canal between 
two arches. 

Each spinal nerve divides into two chief branches — a j'.amiis 
dorsalis supplies the muscles and skin of the back, a ramus ventraU s 
goe?To the sides, and ventral wall of the body, and gives off a ^mus 
visceralis to the viscera. This latter forms the connection between 
the. Bo-^lled sympathetic, and the cerebro-spinal nervous system. 

In Fishes we always find the spinal nerves at the intermuscular 
ligaments. They follow exactly the metamerism of the body, so 
long as this continues to be expressed. 

The size of the nerves is correlated with the development of the 
parts which they supply. When the extremities are formed, their 
rami ventrales become very large. A number of rami ventrales of 
the anterior spinal nerves (cervical nerves) are then formed into a 
plexus (plexus brachialis), from which the nerves for the anterior 
extremities are given off ; in the same way, the nerves for the hinder 
extremities are given off from a plexus (plexus lumbalis and p. sac- 
ralis), which is formed more posteriorly, either in front of, or in the 
pelvis. These plexuses change their position when the limbs do so 
(cf. pp. 473, 474). 

The brachial plexus of the Amphibia is formed of three or four 
nerves (in the Frog, the 2nd, 3rd, and 4th spinal nerves). In the 
Reptilia the bracfial plexus is generally m^e up by the cervical 
nerves from the sixth to the ninth ; in Varanus, from the seventh to 
the tenth ; and in the Alligator the first thoracic nerve also enters 
the plexus. In Birds it is formed from the last cervical and 
first thoracic nerve, or from the 11th and 12th cervicals, or 1st and 
2nd thoracic nerves. In the Mammalia, the last 3, 4, or 5 cervical 
nerves, and the 1st, and sometimes also the 2nd, thoracic nerves, 
contribute to form the plexus. 

The nerves for the hinder extremities are riven off, in the 
Amphibia, from a plexus which is generally formed by three nerves. 
The anterior of the nerves thus formed is the crural ; the sciatic is 
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larger, and is made up from nearly all the branches that pass into the 
plexus ; this nerve is the chief nerve of the extremity in the higher 
Vertebrata also. 

The crural and sacral plexuses are more distinct from one another 
in Reptilia and Aves. In the former, four nerves generally pass into 
these plexuses. In Birds there are generally seven or eight nerves 
set apart, and most of these are for the sciatic nerve ; in the Mammalia, 
again, it is composed of a much smaller number. 


b) Cerebral Nerves. 

§ 887 . 

The cerebral nerves, which by a descriptive anatomist are taken 
in the order of their position, are seen to break up into two very 
distinctly marked divisions, when examined after the comparative 
method. One division, the larger, contains nerves which more or 
less agree with, or might even be derived from, spinal nerves, while 
the other contains those which have not the faintest resemblance to 
spinal nerves. 

This latter division contains two specific sensory nerves, the 
olfactory and the optic. 

The olfactory is formed of a complex of nerve-filaments, which 
arise from the olfactory lobe, and are distributed in the olfactory 
mucous membrane. According as the olfactory lobe is near, or far 
from this membrane, these nerves form a trunk on either side (as in 
many Fishes, and in the Amphibia, Reptilia, Aves, and Monotreme 
Mammals), or leave the cranial cavity separately, by passing through 
a ^Hamina cribrosa^^ (Selachii and Mammalia). 

The optic nerve, which arises from the thalam- and mes-ence- 
phalon, is formed, as is part of the eye, from a vesicle (optic vesicle), 
which is developed from the primitive prosencephalon ; it forms the 
stalk of this vesicle. After the differentiation of the vesicle of the fore- 
brain, it is connected with the thalam- and mes-encephalon. In the 
Cyclostomata the optic nerve of each side passes to the eye on the 
same side ; the nerves of either side do not exhibit any union with one 
another excepting close to their point of origin. But in the Gnatho- 
stomata a larger portion of the optic nerve is prominent on the base of 
the brain, and here the fibres exhibit a crossing over from one side to 
the other (chiasma). The fibres which pass to this point constitute 
the optic tract, and form a portion of the brain, which in the Cyclo- 
stomata has not attained to the surface. The chiasma, therefore, is 
not a new formation, but a differentiation. In the Osseous Fishes, 
the fibres cross completely ; the optic nerve of the right eye passes 
to the left, and that of the left to the right, each passing above or 
below the other. More rarely, one optic nerve perforates the other 
(Clupea), or the different bun&es of nerves pass through separately# 
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In the Selaohii and Ganoidei, some only cross over, and this is the 
arrangement which is seen in all the higher Vertebrata. 

Neither of these sensory nerves have any character in which 
they resemble spinal nerves, nor can they be referred to metameres. 
They belong to that portion of the cranium which is not formed by 
the concrescence of vertebral segments (cf . § 340) ; and they may 
correspond to those nerves which we fonna passing to the same 
organs in the Invertebrata. 


§ 388. 

The second division consists of the nerves which are arranged 
on the type of the spinal nerves. It is sometimes possible to dis- 
tinguish two roots : their dorsal branch is often very feebly developed, 
in correlation with the small size of the area to which it is dis- 
tributed. The ventral branch is consequently the important one ; it 
sends nerves to the branchial arches, and the parts derived from them. 
The visceral branch goes to the wall of the pharynx. The nerves 
of this division arise at the base of the fourth ventricle, and partly, 
also, from its continuation in the aqueductus Sylvii. They are 
given off from the myelencephalon, and leave the cranial cavity by 
perforating the vertebral portion of the cranium (§ 340). While these 
relations are best seen in the cephalic nerves of the Selachii, which 
most resemble the primitive condition, they imdergo greater changes 
the farther the organism has risen above this low stage, or has been 
differentiated in another direction. 

We may note a number of special characters in the various 
nerves, proceeding on the supposition that the series are homody- 
namous with spinal nerves. Some branches of a nerve become much 
larger than others, which undergo degeneration ; or the roots of a 
nerve take an independent course, and give the appearance of 
independent nerves. In this way a nerve is broken up ; but other 
nerves may undergo concrescence, so that what were primitively 
complexes of nerves acquire the form of a single nerve. 

This latter arrangement is seen in two groups of the cerebral 
nerves, which I have distinguished as the trigeminal and as 
the vagus group ; the names of which are taken from that of the 
most important nerve in each group. 

§ 389. 

The trigeminal group supplies the anterior, and larger 
portion, of the head. The following nerves belong to it : 

First, the trigeminus, the largest nerve of the group, which, in 
correspondence with the great differentiation of the regions to which 
it is sent, has the characters of a greatly developed spinal nerve 
(Fig. 290, IV). Its dorsal branch is formed by the ophthalmic, which 
supplies the orbits and the ethmoidal region. A branch for the cranial 
cavity, which is found in the Teleostei, also belongs to the dorsal 
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branch. The ramus maxillaris superior always runs on the floor of 
the orbit, and gives off sensory branches to the maxillary region. Its 
infraorbital branch is the largest, especially in the Mammaha. The 
E. max. sup., with the ramus maxillaris inferior, represents a ventral 
trunk ; in the Selachii this is very clearly the nerve of the mandi- 
bular arch, and appears as the largest portion of the trigeminus. It 
is distributed to the muscles of the jaw, to the integument, and to a 
large part of the mucous membrane of the mouth (ramus lingualis). 
The intestinal trunk is represented by a palatine trunk of the second 
branch, which, in Fishes, passes directly to the palate, but in the 
higher Vertebrata only reaches the palate by means of its connection 
with a sympathetic ganglion (sphenopalatine ganglion). 

The nerves of the optic muscles — the oculo-motorius and tro- 
chlearis — ^in origin and distribution, belong to the trigeminus, and 
seem to be parts which have been separated off from it. Although 
the statements that the nerves for the optic muscles are given off from 
the ophthalmic branch of the trigeminus in Lepidosteus and Lepi- 
dosiren, and that in the Salamandrina the trochlear is replaced by a 
branch of the same nerve, recjuire confirmation, and whilst what really 
has occurred in these cases is, perhaps, that the nerves of the optic 
muscles have become united with the trigeminus, and not that they 
are completely wanting, yet the supposition that processes of segre- 
gation have been the cause of these nerves arising separately from 
the myelencephalon in the other Vertebrata, cannot be rejected. 
The fact that the ramus inferior of the trigeminus has no motor 
elements, and that the muscles in its area are supplied by apparently 
independent nerves, will always be of great importance. 

The second nerve of the trigeminal group is the facialis and 
acusticus. The latter seems to be homologous with a purely sensory 
dorsal branch of a spinal nerve ; its terminal area has been carried 
below that plane in which we must suppose it to have primitively 
ramified — fchat is, below the surface of the body ; and this change 
has accompanied the removal of the vesicles of the labyrinth from 
the integument, and their passage into the interior of the wall of the 
skuU (cf. infra, auditory organ). This points to a dorsal branch 
having primitively passed upwards through the wall of the skull, and 
agrees with the course of the dorsal branches of the other cephalic 
nerves, and with the ophthalmic branch of the trigeminal. 

The facialis (Pig. 290, Fa) has the arrangement of a ramus 
ventralis belonging to the hyoid arch. It supplies the integumen- 
tary as well as the muscular portions of this segment, and is, there- 
fore, primitively a mixed nerve. In the Teleostei it enters into con- 
nection with the trigeminal; in many Sharks, also, it is fused 
with it. So, also, in the anourous Amphibia it is united to the tri- 
geminal. This union, however, is effected during their ontogenetic 
development. In the Urodela, as in the higher Vertebrata, it is 
always distinct, and in the Mammalia its sensory elements are 
apparently absent. In these latter its area of distribution is very 
great, owing to the increase in size of the facial musculature ; while 
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its stapedial, digastric^ and stylohyoid, as also its auricular branches, 
belong to the primitive hyoidean area. Its visceral branch appears 
to be the palatine of Fishes ; in the Mammalia this is represented 
by the petrosas superficialis major, and passes to the muscles of the 
velum palati through the spheno-palatine ganglion. The chorda 
tympani forms a connecting twig between the facial and the third 
branch of the trigeminal ; this is found even in Fishes. 

One of the nerves for the optic muscles, the abducens, must also 
be regarded as part of the facial nerve, as is clear from its area of 
origin. It supplies, as a rule, the rectus externus, and in Petromyzon 
the rectus inferior also. The position of the rectus externus explains 
how it is that it belongs to a different nervous area from that of the 
other optic muscles. 


§ 390. 

The first nerve of the vagus group, the glossopharyngeal, is 
the simplest in character. In the Selachii it is distinct, as it is also 
in the greater number of the Teleostei ; in Chimaera, however, it 
leaves the cranial cavity in company with the vagus, with which 
nerve it is united in the Oyclostomata and in Lepidosiren. It has 
the same relations in the Amphibia, but in the Amniota it is 
ordinarily distinct. 

In Fishes (many Sharks) it has a dorsal branch, which takes an 
upward course within the cranium, and there ramifies on the surface. 
The chief trunk (Fig. 290, Op) is the ventral one ; this is distri- 
buted all along the first branchial arch ; it gives off a pharyngeal 
branch to the wall of the pharynx, which represents its visceral 
branch. When the first branchial arch is metamorphosed, this 
arrangement is so far modified that the pharyngeal branch and 
the lingual, which ends in the mucous membrane of the tongue, form 
the chief portion of the nerve. 

The vagus is closely attached to the glossopharyngeal at the 
point where it leaves the myelencephalon ; to fully understand this 
nerve it is necessary to have a knowledge of its simplest characters, 
as they are best seen in Sharks (cf. Fig. 290). The vagus is here made 
up of a large number of separate roots, which have their origin in 
the myelencephalon, nearly as far back as the fourth ventricle ; the 
anterior ones, which have their origin just behind the glossopharyn- 
geal, are the larger. The posterior ones become gradually smaller 
and smaller than those in front of them. The last of the series are 
collected into a small trunk, which passes forwards, and is attached 
to one of the more anterior ones. The common trunk thus formed 
passes through the wall of the cranium obliquely backwards and 
outwards ; on its course it gives off a small dorsal branch for the 
occipital region. 

When it has passed out of the cranium the vagus trunk gives off 
a number of branchial branches, in correspondence with the number 
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of branchial arches (Fig. 290). The first branchial branch 
passes to the second branchial arch, and also gives off a fine twig to 
the first arch. In this point the branchial branches of the vagus 



Fig. 290. GepHalio nerves of HexanoHus griseus. On the right is figured as 
much of the conrse of all the oephalio nerves as can be seen from above. The oranial 
oavity and spinal canal are both laid open, so that the brain and spinal chord are 
exposed. The right eye and its muscles is removed. On the left, the roof, only, of 
the orbit is removed, so that the bulb and its mnscles are exposed to view. The 
region of the labyrinth, and of the occipital portion of the cranium, has been removed 
as far as the levels of the nerve.tmnks, which pass out through them. A Anterior 
fontanelle (cranial lacuna). Nasal capsule. So Bulbus olfactorius. T/ First branch 
of the trigeminal, a Its terminal twig in the ethmoidal region. T/' Second 
branch. T/" Third branch, tr Trochlearis. Fa Facialis. Cfp Glossopharyngeus. 
Vg Vagaa, L Eamus lateralis. J Bamus intestinalis. os Muse, obliq. oo. sup. 
ri M. rectus intemus. re M. rectus extemus. rs M. rectus superior. 8 Spiraoular 
cleft. Pq Falato-quadrate. Hm Hyomandibular. r Branchial rays. 1 — 6 Branchial 
arches, hr^ — Branchiae. 


resemble the glossopbaryngeal and tbe facial, wbicb likewise send 
off fine twigs to the arches next in front of them. A pharyngeal 
branch is given off at the point where this branchial branch mvides. 
The vagus trunk is continued on, as an intestinal branch {g), to 
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the alimentary canal; it ramifies on the pharynx and stomachy and 
also gives ofE branches to the heart. Before the vagus trunk gives 
off the branchial branches, it sends off a large dorsal branch, which 
passes backwards in the dorsal region ; this is the lateral branch (L), 
which ramifies in the skin alongside the lateral line of the body, 
and extends as far as the tail. 

While the nerve-roots, that make up the vagus trunk, leave the 
myelencephalon together, there are other roots, which belong to 
the vagus, and which arise from the myelencephalon, underneath those 
already mentioned; of these there are, at most, five, and, generally, 
only two or three filaments, each of which reaches the exterior by a 
special canal in the wall of the cranium. Some pass to the muscles, 
and some are connected with the first of the spinal nerves ; they 
may be called the inferior roots of the vagus, while those before 
mentioned are the superior roots. The foramina of the lower roots 
lie in the same row as the foramina of the inferior roots 
of the spinal nerves; the foramen for the complex of superior 
roots is placed higher up, and is in a line with the foramina of 
the superior roots of the spinal nerves. 

§391. 

From the description that we have just given, it is clear that the 
whole vagus must be regarded as a complex of a large 
number of nerves, which are homodynamous with spinal 
nerves. This is indicated by the various inferior roots, which 
pass out separately, but much more emphatically by the distri- 
bution of the trunk, formed by the superior roots. While each 
branchial branch of the vagus has exactly the same characters 
as a ventral branch of a spinal nerve; and while, moreover, 
the branchial arches supplied by it must be regarded as arches, 
which were primitively part of the cranium (§ 340) ; and while, 
lastly, each of the other arches (mandibular, hyoid, and first bran- 
chial) is innervated by a nerve, in just the same way as is a meta- 
mere of the trunk by a spinal nerve ; the series of the superior roots 
of the vagus are, on their side, the distinct equivalent of a number 
of separate nerves, the sum total of which must correspond to the 
maximum number, at any rate, of the arches supplied by them. 
This view of the real character of the vagus, advanced by me, is shown 
to be the correct one by the developmental history of these nerves, 
which has lately been made out in the Sharks. As there is reason 
for supposing that, even in the Selachii themselves, there has been a 
great reduction in the primitive number of the gills, inasmuch as a 
process of this kind, although, indeed, affecting a small number of 
gills only, can be observed within the limits of the group, it follows 
that the extension of the vagus on to a portion of the alimentary tube 
is explicable as due, not so much to an incursion of the nerve into 
a territory which was not originally within the area of its distribution, 
as to the modification of a region, which formerly did carry branchial 
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clefts in its walls, and belonged to the pharynx, into a portion of the 
intestinal tract, serving exclusively for the reception of food. Nor 
is there anything remarkable in the existence of cardiac branches, 
when the fact is recognised that the heart was derived from a region 
which was partly within the area supplied by the vagus. 

The ramus lateralis appears to be a sensory branch of the vagus, 
which was some time in being developed proportionately to the 
growth of the sensory apparatus of the lateral line, which is inner- 
vated by it. 

Taking therefore the vagus as a whole, we see that in it, just 
as — though to a less extent — in other nerves (e.g. the facial 
and trigeminal of the Amphibia), a number of nerves are united 
together; and these nerves show both by their origin and by 
their peripheral relations that they are the remnants of nerves 
which were primitively distinct; our view, therefore, of the 
characters of the vagus agrees very closely with the in- 
dications given us by the posterior portion of the cranium. 

The phsanomenon of the concrescence of separate nerves is 
carried still farther in the vagus of the Selachii, and destroys all 
signs of individuality, for in most of them (all the Rays) the 
separate roots come nearer to one another ; this arrangement is the 
dominant one in all other Fishes also. 

In the Teleostei some of the relations of the vagus are much 
changed. A few filaments of the hinder roots fuse with an inferior 
root, and form a large nerve, which passes out from the cranium, and 
seems to go to the muscles of the shoulder-girdle. The relations of 
this nerve require more accurate investigation. 

In other points the peripheral relations of the vagus are the same 
as those which we have described. A dorsal branch, which is present 
in some of the Teleostei, must be more particularly mentioned. It is 
united to a dorsal branch (R. recurrens) of the trigeminal, and goes to 
the base of the dorsal fin, receiving connecting branches from some 
spinal nerves as it does so. 

§ 892 . 

In the Amphibia the vagus has the same relations as in Fishes, 
so long as the gills are present ; it even gives off a lateral branch, 
which in the Caducibranchiata has the same fate as the branchial 
branches, when the gills are atrophied. 

In the Amniota the only portion of the vagus which is present is 
the part which is developed from the anterior portion, of the series 
of superior roots of the Selachian vagus ; the trunk, which they form, 
is only distributed as far as the stomach in the intestinal tract, while, 
owing to the absence of gills, the branchial branches have dis- 
appeared, or — and this is probably more correct — ^have been partly 
converted into pharyngeal branches. In Fishes the air-bladder, 
which is difEerentiated from the enteric tube, receives branches from 
the vagus, and so also the respiratory apparatus of the Amphibia 
and of the Amniota, which has a similar origin, also receives branches 
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from the vagus ; when a larynx and laryngeal muscles are developed, 
some of these nerves give rise to constant branches. The cardiac 
relations of the vagus are retained, and, as the intestinal terminal 
area of the vagus becomes gradually removed from the region of the 
head, this branch is converted into a long nerve-trunk. 

The hinder portion of the roots which belong to the vagus in the 
Selachii are, in the Amniota, united into a small nerve-trunk — the 
accessorius Willisii — ^which is partly connected with the vagus, and is 
partly distributed to the muscles of the shoulder-girdle. The root- 
fibres which form the nerves arise from parts which are placed much 
farther back than the medulla, especially in the Mammalia, where 
they are found between the origins of the upper and lower roots of 
the spinal nerves ; in Man, indeed, they extend as far back as the 
sixth or seventh pair. 

Lastly, the inferior roots of the area of the vagus form a special 
nerve-trunk in the Amniota; this is the hypoglossus, which supplies 
the muscles of the tongue. It retains its primitive characters in 
so far as that it is made up of several root-fibres, which moreover 
pass out separately from the skull, and are arranged in pairs in 
the Mammalia. 

The posterior complex of nerves given off from the myelence- 
phalon is therefore the most variable in character. Probably derived 
from as many separate nerves as there were primitive branchial arches, 
it is found in its most indifferent condition in the Selachii ; it sepa- 
rates off a hinder portion in the Teleostei, which forms a special nerve ; 
and in the Amniota forms three different nerves — vagus, accessorius, 
and hypoglossus. 

Qeqenbaue, C., Ueber die Kopfnerren von Hexancbus tind ihr VerhaltnisB znr 
Wirbeltbeorie des Sch&dels. Jen. Zeitscbr. Bd. Yl. 


c) Visceral Nervous System. 

§ 893 . 

After the visceral branches are given off from the cerebro-spinal 
nerves, they become connected together, each uniting itself to the one 
next behind it ; they thus form a commissure, which runs along the 
vertebral column, and is continued to the basis cranii ; this is the 
subvertebral chord of the visceral nervous system, or sympathetic. 
There are ganglia at the points where the rami viscerales of the 
cerebro-spinal nerves are connected with the chord; the ganglia of 
the sympathetic chord. From these ganglia nerves, which are 
made up of fibres of the sympathetic and of cerebro-spinal fibres, 
pass to their proper areas of distribution. The various nerves, whether 
passing directly to the viscera, or first traversing the sympathetic 
chord, are generally collected into trunks set apart for the chief 
divisions of the viscera, and are known as cardiac, splanchnic, or 
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other nerves. They form plexuses, which contain a large number of 
ganglia, and there are also separate ganglion cells, in large numbers, 
on the course of the sympathetic nerves. 

These plexuses are distributed on the enteric tube, and on all the 
organs derived from it, as also on the vascular system, and urino- 
genitary organs. 

This portion of the nervous system appears to be absent in the 
Acrania, and among the Cyclostomata it is not present in the Myxi- 
noidea, where the vagus seems to supply the enteric area of the sym- 
pathetic. From the Fishes onwards this system is always present, 
although much modified. The fibres of the sympathetic appear to 
be elements, which permanently retain a lower grade of development, 
just as do the fibres of the cerebro-spinal nerves of the Cyclostomata. 


Sensoiy Organs. 

§ 394 . 

All the sensory organs of the Vertebrata are formed from different 
tiations of the integument. The kind of share which is taken by the 
integument differs with the quality of the organ. As in the Inverte- 
brata, so here we can separate the sensory organs 
into those which preside over a specific sen- 
sation, or higher sensory organs, and those 
which appear to serve for the various percep- 
tions, which are indifferent in character and 
may be regarded as belonging to the sense of 
touch. 

There are many organs which cannot be 
reckoned among the known specific sensory 
organs, but which are remarkable for the high 
grade of their differentiation, so that their ar- 
rangements do not allow us to regard them as 
mere tactile organs; these seem to justify us 
in assuming the existence of specific sensory 
organs, other than those known to us familiarly. 

Organs of this kind are most varied in 
character among Fishes, and as many of these 
arrangements are repeated in the Amphibia it 
is probable that they are correlated with an 
aquatic life. The most important organs of 
this kind are the following ; 

1. Goblet-shaped organs. Large struc- 
tures embedded in the epidermal layer, and 



Fig. 291. Goblet-shaped 
organs from the mnoous 
membrane of the palate 
ofTinoa. n Kerve* 
trunk, b Gh>blet (after 
F. £. Sohnlze). 


surrounded by long spindle-shaped cells ; they 
enclose rod-shaped end-organs of nerves ; they have been observed 
in the skin of the Teleostei and of the Sturgeon, and appear to 
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be found in tbe Amphibia also. They are also found on the head 
of Reptiles. 

2. Mucous canals. A system of tubes "which branches regularly 
in the head of Fishes, runs in the corium, and opens to the exterior 
by branched canals, and at definite points. Near its opening the 
tube contains the end-organ of a nerve-twig. A similar canal 
extends from the head, along the side of the body, as far as the tail. 
In the Ganoidei and Teleostei the nerve-endings of the system of 
tubes are protected, both in the head and along this lateral line, 
by an apparatus formed by the dermal skeleton, being embedded 
either in modified scales, or being embedded in passages in the larger 
covering bones of the head. The presence of goblet-shaped organs, 
or similar structures along the lateral lines of the Amphibia (larval 
forms and Perennibranchiata), points to a connection between these 
organs and the mucous canals of Fishes. 

3. Gelatinous tubes. Thin-walled tubes of varying length, 
filled with a gelatinous substance, open by fine pores, and carry at 
the opposite end nerve-endings, which are placed in an ampulla- 
like enlargement of varied form. These organs are found in 
great quantity on the head of the Selachii, where they are generally 
placed near the rostrum, but they are also found on more distant 
parts ; thus, for example, in the Rays they extend as far as the 
pectoral fins (Fig, 277, ^). 

In the higher Vertebrata the nerve-endings in the integument are 
less complicated j as, for example, the corpuscula tactfis in the papillae 
of the cutis, which are observed from the Amphibia onwards. 

Owing to the modifications tmdergone by different parts of the 
body in consequence of the development in their integument of end- 
organs of sensory nerves, special apparatuses are developed, which 
function as tactile organs. The various arrangements of this kind 
are wonderfully different, but as they are structures which owe their 
origin to special adaptations, we can only mention them briefiy. In 
Fishes these organs are frequently represented by the beards 
around the mouth, in which there are a number of goblet-shaped 
organs. These are found in the Sturgeons, and many of the Oypri- 
noids. In the Triglidse certain rays, which are separated off 
from the thoracic fin, and are well supplied with nerves, function 
principally as tactile organs. In Birds the sense of touch is not 
unfrequently found in the soft tip of the beak ; this is the case in the 
Rails, Ducks, etc. In the Mammalia, again, we find as tactile organs 
stiff setif orm hairs placed on the upper lip, or even above the eye ; 
these hairs are not only greatly elongated, but are distinguished 
from other hairs by the large supply of nerves to their follicles. 
Finally, in many Mammals the limbs themselves, owing to the 
rich supply of nerves on their volar and plantar surfaces, and to the 
power of movement possessed by their terminal joints, have similar 
functions. 

Leydio, Ueber Organe eines seohsten Sinnes. N. A. Aoad. Loop. Carol. V ol. XXXIY. 

— JoBEBT,' Les organes dn toucher. Ann, so. nat. Ber. V. Tom. XVI* 
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§ 395. 

As it is more and more impossible to form any opinion about the 
sense of taste, the farther the organism examined is removed 
from Man, it is impossible to speak with much certainty about the 
gustatory organs of most of the Vertebrata. We can only there- 
fore regard the end-orgams of nerves, which are placed in the 
mucous membrane of the mouth, as belonging in a general way 
to this apparatus. In Fishes, these end-organs have no specific 
character; they resemble rather the goblet-shaped organs which 
are scattered in the external integument ; this is easily understood 
when we reflect on what is the origin of the buccal cavity. Those 
which are found in the palatine region are the most exactly known 
(cf. Fig. 291) ,' in the Cyprinoids the mucous membrane of this 
region is interwoven with a large number of muscular fibres. In 
the Amphibia the tongue appears to be the principal seat of these 
structures, which are also known as ^‘gustatory goblet-cells;^^ 
although these cells are not ordinarily found on the tongue of 
Reptiles and Birds, the tongue of the Mammalia is provided with 
them, and they are placed on the sides of the papillae circumvallatae. 


Olfactory Organs. 

§ 396. 

In all Vertebrata the olfactory organs appear as shallow pits, 
placed on the head, and enabled to receive excitations from the 
surrounding medium by means of the rod-shaped end-organs of the 
olfactory nerve. The sensory organ is therefore represented by a 
differentiated portion of the integument. Although we cannot 
certainly say that these structures have in aquatic forms — Pi sees and 
Amphibia — the same function as they certainly have in the air- 
breathing forms, yet we are perfectly justified in giving them the 
same name at any rate, for we see that they pass, and that in a 
continuous series, into the more complicated organs of the higher 
Vertebrata, which undoubtedly do serve as olfactory organs. 

In the Leptocardii the olfactory pit is unpaired, as it is also in 
the Oyclostomata, where, however, it is converted into a deeper tube 
(Fig. 239, g'), which ends blindly in Petromyzon (gfr), but in the 
Myxionoidea has the form of a canal which passes through the palate ; 
the walls of this canal are supported by a tube of cartilaginous rings. 
In the Gnathostomata there are paired olfactory pits. In Fishes 
they remain mere pits, or are but dightly deepened. In the Selaqhii 
two processes project from the margin of a nasal orifice towards 
one another, and divide the primitively simple orifice into an afferent 
and an efferent orifice. In the Osseous Fishes this arrangement is 
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carried still farther, for a bridge of integument is ^awn over the 
pit, and the two separate openings are sometimes widely separated. 
Both orifices — but most commonly the anterior ones — may project 
forwards in the form of tubes. The investing mucous membrane 
sometimes forms radial, sometimes parallel folds, by which its 
surface may be considerably increased. The whole surface is supplied 
with terminal branches of the olfactory nerve. There is another 
kind of modification, in which the surface is so much increased 
towards the exterior, by the extension of the olfactory mucous 
membrane over a papilliform process, that the pit-hke appearance 
is altogether destroyed. 

In many Selachii, and in the Chimasras the olfactory pit is 
connected with the mouth, owing to the formation of a groove 
(nasal groove), which passes from the pit to the angle of the 
mouth (Fig. 292), The groove is frequently covered over by a 

median dermal fold, and is not un- 
frequently converted into a deeper 
canal (Rays). In this arrangement 
we may observe a step towards 
that which obtains in other Ver- 
tebrata, where the olfactory pits 
are only superficial in position 
during an early period of em- 
bryonic life. In them the arrange- 
ment which is permanent in Fishes 
disappears, and the processes which 
go on during further development 
cause the nasal pits to sink below 
the surface. This is effected by the 
great growth of the parts which limit 
the pit in front, at the sides, and 
in the middle line ; by the growth 
of the edges of the groove towards one another a canal is developed 
which leads from the pit to the primitive cavity of the mouth — 
that is, from without, inwards ; this canal opens behind the margin 
of the jaws. 

We find this arrangement in the Dipnoi and Amphibia. The 
internal opening of the nasal canal is placed, in the former, as also 
in the Perennibranchiata, just within the soft margin of the mouth. 
In the Salamandrina and Anura it is bounded by firm parts of the 
jaw-skeleton. 

When a nasal canal is formed, the primitive nasal pit itself is 
removed from the surface. The surface of the pit then becomes com- 

? licated by processes from the ethmoidal cartilage (turbinate bones), 
n the Amniota there are yet further modifications ; owing to these, 
the upper part of the primitive buccal cavity is converted into a space 
which takes in the nasal pit, and in its upper portion the olfactory 
membrane is spread out. The primitive olfactory pit cannot, 
therefore, be any longer distinguished as a separate organ ; and it 



Fig. 292. Inferior surface of the head 
of Scyllinm. w Mouth, o Entrance 
to the nasal pit, n Nasal valve in its 
natural position. w' Nasal valve 
turned back, r Nasal groove. The 
dots represent the orifices of the 
mucous canals. 
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will be best, consequently, to consider this 
nasal cavity, when we come to treat of 
the mouth. Glands are difFerentiated 
in the mucous membrane of the nasal 
cavity, which are of a relatively large 
size in the Amphibia, although not absent 
in the Mammalia. Connected with the 
process by which the primitive nasal pit 
is carried far inwards, is the development 
of an organ, which appears to be a part 
separated off from the nasal pit. This is 
the organ of Jacobson. It forms a 
tube which lies at the base of the nasal 
cavity, and ends blindly behind (Fig. 293, 
J) ; the olfactory fibres in its walls are 
provided with end-organs. These organs 
are found in Reptiles and Mammals, and 
open into the buccal cavity by the ducts 
of Stenson. 


new arrangement of the 



Fig. 293. Seotion through tho 
nasal cavity and Jacobson’s 
organ, sn Septum (after J. v 
Lacerta). 


Visual Organs. 

§ 397. 

The eye in the Vertebrata appears to have essentially tho same 
structure as in the more highly developed groups of lower 
animals ; but the ontogeny of the organ shows that it belongs to 
another type, and this is also obvious from its minute structure. 
We cannot, therefore, connect it directly with the relatively well- 
developed stages of the eye in other animal phyla ; the only indi- 
cations of any connection are to be seen in the Tunicata. In the 
larvae of the Ascidiae, as in Vertebrata, the eye is not directly de- 
veloped'f rom the ectoderm, but from the anterior portion of the central 
nervous system. What is known as the eye in Amphioxus is of a 
much lower grade ; it is a spot of pigment which varies in character, 
and is attached to the anterior end of the central nervous system. 

The central nervous system chiefiy, and secondarily the integu- 
ment, are concerned in the constitution of the Vertebrate eye. The 
former gives rise to the apparatus which perceives, the latter to the 
apparatus which refracts, the light. The earliest rudiment of the eye 
is a diverticulum, which is developed from the sides of the prosen- 
cephalon (Fig. 294 ^ and which has the form of a vesicle, connected 
by a stalk (6) with the rudiments of the brain (c). The primitive 
optic vesicle lies below the ectoderm ; the ectoderm next gives rise 
to a thickening (B), which pushes in the anterior wall of the vesicle 
towards the posterior one. Below this thickening a process of the 
mesoderm grows towards the optic vesicle, and puts the side-walla 
also of that vesicle in continuity with the epidermic thickening. 
The effect of these processes is to bring the anterior and posterior 
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walls of tbe priiniti7e optic Tosicl© dose to one another j the whole 

then forms the se- 
condary optic res- 
icle, and is cap. 
shaped; the month 
of the cap is 
filled by the ec- 
todermal thicken, 
ing. This latter 
forms the rudiment 
of the lens (Z). 
While the stalk of 
the primary vesicle 
is being converted * 
into the optic nerve, 
the tissue behind, 
which is enclosed 
by these parts, is 
converted into a 
substance, which gradually fills up the greater part of the secondary 
optic vesicle, and forms the vitreous body. The innermost layer of 
tissue around the secondary optic vesicle is converted into a vas- 
cular membrane, the choroid, while a firm fibrous layer outside it 
forms the sclerotic, and invests the secondary optic vesicle ; this 
grows out anteriorly as far as the connection between the lens and 
the ectoderm. As a result of the extension of 
this process, the lens becomes cut off, and a trans- 
parent portion of the sclerotic now intercalated 
in front of it forms the cornea, which at the 
same time becomes connected with the rudi- 
mentary piece of integument (conjunctiva) 
which lays in front of the lens. 

The eye then is a rounded capsule (bulbus 
oculi), the investment of which (sclerotic) ex- 
tends over the optic nerve, and is thence con- 
tinued into the dura mater, while anteriorly 
it is continued into the cornea. Within this 
capsule is the secondary optic vesicle, which 
is developed from the invaginated primary 
one, and which is separated from the sclerotic 
by the choroid. The secondary vesicle, in 
which there is a lateral cleft owing to the 
ingrowth of the '^vitreous body,^^ embraces the lens anteriorly. 
These two, layers (a 6), which pass into one another at this 
anterior margin, and at the lateral fissure (Pig. 295, «), are not 
similarly differentiated ; the inner one (6), which is greatly thick- 
ened at a very early stage, has its hinder portion converted into 
the retina, while the outer, and thin one (a), forms the tapetum 
nigrum. When the tapetum nigrum becomes pigmented, a pale 



Fig. 295. Section 
throngh the secondaiy 
optic vesicle of a Fishes 
embryo, taken vertically 
to the “choroidal fis- 
sures.'' a Outer, & Inner 
lamella of the optic 
vesicle. cVitreoosbody. 
d Lens (after S. Schenk). 



Fig. 294, A Vertical section through the rudimentary 
head of a Fish, c Brain, a Primitive optic vesicle. 
h Its stalk, d Inte^mentaiy layer. B Formation of the 
secondary optic vesicle, p Outer, r Inner layer of the 
primitive optic vesicle, e Epidermis pushing the lens (1) 
into the secondary optic vesicle. The vitreous body is seen 
behind (after S. Schenk). 
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In the Saurii, Chelonii, and Aves, the anterior porHon of the 
sclerotic, which abuts on the cornea, is supported (Fig. 29o, «) by a 

circlet of flat pieces of bone (sclerotic nng). 
In all Mammals except the Monotremata 
the sclerotic is formed of connective tissue; 
it is very thick in the Cetacea (Fig. 299, s). 

The choroid is made up of several 
layers, which, as a rule, have the same 
characters as in Man. Anteriorly it gives 
rise to the folded ciliary processes ; these 
are feebly developed in the Selachii and 
Ganofdei (Sturio), and absent in most of 
Fig. 299. Eye of Baiaena Teleostei ; the choroid is then continued 

section (after W. Summer- on as the iris, which bounds by its inner 
ing). margin the pupil, which varies in form. 

The tapetum lucidum is a special modi- 
fication of the choroid; this forms a spot of varying size, which 
is generally greenish or bluish in colour, and has a metallic lustre ; 



it is sometimes produced by groups of spicular crystals placed in the 
cells of the tapetum (Selachii), or by a fibrous tissue (Carnivorous 
Mammals and Ruminants). It is owing to its presence that the eye 
can be seen in the dark. 


Avascular plexus, which lies outside the choroid of Fishes, forms 
the so-called choroid gland. In the anterior portion of the choroid 
there is a muscular layer, which forms the ring known as the ciliary 
ligament. The musculature is continued hence into the iris, in 
which there are radial and circular fibres. In Fishes, Amphibia, 
and Mammals, this musculature is composed of smooth fibres ; in 
Reptiles and Birds, of transversely striated ones. 

The retina, which is placed on the choroid, extends forwards as 
far as the commencement of the ciliary body, where it ceases to be 
developed. The optic nerve is distributed, and ends, in it. The optic 
fibres occupy the innermost layer of the retina, which is merely sepa- 
rated from the vitreous body by a thin membrane. It is followed by 
a number of layers, of varying structure, the last and outermost of 
which is made up of rod-like and cone-like structures, the bacillar 
layer. These end-organs, which are similar to the rods of the 
invertebrate eye, are, therefore, turned away from the opening of 
the eye in the Vertebrata; the Vertebrate eye is therefore 
distinguished from the optic organs of the Invertebrata 
by a very essential point, which must not be left out of con- 
sideration when we are discussing their genetic relations. 

Connected with the development of the secondary optic vesicle is 
the formation of a special organ, which makes its way into the 
vitreous body at the point at which the optic nerve passes into the 
retina; it has no connection with the choroid, but forms a vascular, 
darkly-pigmented, process. A structure of this kind is found in 
the eyes of many Teleostei, and is known as the processus falciformis 
(Fig.296,p). Its end, which in many Fishes is distinguished by a layer 
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of smooth muscular fibres, is provided with a swelling (campanula 
Halleri), which is attached to the hinder part of the capsule of the 
lens.. These processes are also found, in a somewhat modified condi- 
tion, in the eyes of Reptiles and Birds. In the Saurii there is a 
curved and thickened fold which extends to the margin of the 
capsule of the lens, at the side of which there may be several other 
folds (Fig. 297, j?). This structure is feebly developed in the eye of 
the Orocodilini. In Birds it is remarkable for the increase in the 
number of its folds, and is distinguished as the pecten^^ (Fig. 298, p ) . 
In many Natatores and Grallatores it reaches as far as the capsule 
of the lens. In the Struthiones the end of the pecten is widened out 
into a pouch (marsupium). In Apteryx, as in the Mammalia, it is 
absent. The point, at which the optic nerve enters, varies with the 
characters of this process, for when it is widened out at its base the 
nerve is placed more to the side of the eye. 

With regard to the lens, the difference in its form, in accordance 
with the surrounding media, is a noteworthy point. In Fishes it is 
very large, and quite spherical, as it is also in the Amphibia, and in 
aquatic Mammalia ; while in others, and in Birds and Reptiles, we 
meet with more fiattened forms of lenses ; the amount of flattening 
is, of course, very various. The internal cavity of the eye is divided 
into an anterior and a posterior space by the attachment of the lens 
to the ciliary portion of the choroid. The vitreous body fills the 
hinder one; the anterior one, which lies between the anterior 
surface of the lens and the cornea, is often but a very small portion 
of the whole eye. It is filled by the aqueous humour. 

§ 399. 

Accessory organs, which partly serve to move, and partly to 
protect the bulb, are connected with th© eye. The movements of 
the eye are generally effected by six muscles, of which four are 
straight and two oblique. They are atrophied in the Myxinolfdea. 
In many Teleostei the straight ones are embedded in a canal at the 
base of the skull ; this is in adaptation to their length, which again 
is due to the large size of the bulb. They take their origin from a 
point which is placed some way behind that at which the optic nerve 
passes out; it is in the higher divisions only that they acquire 
relations to this point. In the Amphibia and Reptilia there is 
a retractor of the bulb, in addition to the four straight muscles. 
This is retained also by most of the Mammalia, and breaks up into 
several portions (in Carnivora into four), which pass to the bulb from 
the point at which the optic nerve enters the orbit. In the Mam- 
malia the superior oblique, which, like the inferior oblique, ordi- 
narily arises from the median wall of the orbit, is altered in character. 
It has the same origin as the straight muscles of the eye, and the 
tendon of insertion passes to the bulb through a pulley, and at an 
angle. 

Of the protective organs of the eye, the eyelids are folds of the 

2 M 2 
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integument. The inner lamella of these folds is a continuation of 
the conjunctiva which extends on to the bulb, and which is 
continuous with the integument at the margin of the lid. Eyelids 
of this kind are found even in Fishes. In the Selachii there are 
two slightly projecting and movable folds, which appear to be 
indications of an upper and lower eyelid ; in many Sharks there is 
also a third fold at the anterior angle of the eye, which can be 
diuwn over the outer surface of the bulb (nictitating membrane). 
In the Ganoidei and Teleostei the immovable folds are alone present, 
or there may be merely indications of them ; they are ordinarily 
distinguished as the anterior and posterior eyelids. Most commonly 
the integument passes at once into the cornea. In the Perenni- 
branchiata and Derotremata there is a connection of this kind. 
Many Salamanders, and the majority of the anourous Amphibia, 
are provided with horizontal eyelids, of which the lower, and more 
movable one, functions as a nictitating membrane. 

In the Reptilia and Aves there is an upper and a lower movable 
eyelid in addition to the nictitating membrane. In some Saurii 
(Ascalabotae) and in the Ophidii, the eyelids are developed as an 
annular fold, which continues to grow until at last it forms a pellucid 
membrane which lies in front of the eye, and which completely sepa- 
rates the cornea from the external medium. The circular rudiment of 
this structure corresponds to the circular eyelid of the Chamaeleons. 
There is a muscular apparatus for the horizontal eyelids, as well as 
for the nictitating membrane. Whilst the two horizontal eyelids 
persist in the Mammalia, the nictitating membrane undergoes 
degeneration. It is supported, as are the two other eyelids, by a 
cartilaginous lamella. It is generally reduced to a fold, which is 
placed at the anterior (inner) angle of the eye ; in the Primates it 
has lost its primitive significance, and forms the plica semilunaris. 

A glandular apparatus for the eyelids is first differentiated 
in the Amphibia and Reptilia. In Reptiles and Birds, and also in 
Mammals, there is a gland which opens below the nictitating 
membrane (Harderian gland, or gland of the nictitating membrane), 
which is placed at the inner angle of the orbit ; it is not present in 
the Primates. Its secretion is different from that of the lachrymal 
gland. 

The Lachrymal glands, which are placed at the outer angle 
of the eye, are first seen in Reptiles, where they are smaller than the 
Harderian gland ; they have the same characters in Birds. They 
are larger in the Ohelonii and Mammalia (except the Cetacea), 
where the lachrymal gland consists of a complex of separate glands, 
which are generally united into larger masses. 

A special efferent duct into the nasal cavity is formed for the 
secretion of these glands, which is passed out below the upper eye- 
lid. A canal of this kind, formed by an epithelial thickening on 
the surface of the head, is present even in the Amphibia. In the 
Amniota the development of the lachrymal duct is connected 
with that of the face. The groove, which is formed between the 
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processes of the upper jaw, and the external nasal processes by the 
difEerentiation of these parts, and which leads from the region 
of the inner angle of the eye towards the edge of the nasal pit, 
sinks deeper down as these processes are developed (lachrymal 
groove) ; it now becomes grown over by their edges so as to form a 
canal, which, when the nasal cavity is developed, opens into it just 
below the inferior turbinated bones. In the Eeptilia (Lacerta) it 
opens near the posterior nares. At the inner angle of the eye 
this lachrymal canal is divided into several smaller canals; there 
are a larger number (3-8) of such canals on the lower eyelid of the 
Orocodilini, but a smaller number (2) in Birds and Mammals. 


Auditory Organs. 

§ 400. 

The Auditory Organ of the Vertebrata, which has been ob- 
served in all, except the Acrania, is derived from the ectoderm. 
During the earliest embryonic period it is laid down in the form of 
a thickening above the myelencephalon, which extends inwards. A 
superficial organ of this kind, which must have carried the endings 
of an integumentary nerve, must be regarded as the starting-point 
of the great differentiation, which commences so early. The 
earliest rudiment gives rise to a vesicle, which communicates with 



Tig. 300. Development of tie laliyrlnth of a Fowl. Terfical sections of the 
rudimentary skuU. fi Pit of the labyrinth. Iv Vesicle of the labyrinth, c Budiment 
of the cochlea. Ir Becessns labyrinthi. cap Posterior semicircular canal, cse Ex- 
ternal semioiroular canal, jv Jugular vein (after Beissner). 


the exterior, and which is gradually cut off (Fig. 300), and enclosed 
by the hinder lateral portion of the cartilaginous cranial capsule, 
when that is differentiated. The primitive otocyst is the founwtion 
of a complicated cavitary system, in the walls of which the auditory 
nerve is connected with its end-organs. From this is developed the 
membranous labyrinth. The surrounding portions of the skull form 
the cartilaginous, or osseous labyrinth. 

The simplest condition of the labyrinth is found in the Oyclo- 
stomata. lu the Myxinoidea a tract, which remains connected at two 
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points with the primitive vesicle, is differentiated from it, and 
forms a semicircular canal, so that the whole labyrinth has a 
circular form. In the Petromyzontes there are two of these canals, 
each of which commences with an ampulla-like enlargement, while 
the rest of the vesicle of the labyrinth forms the membranous 
vestibule ; in this there is a special diverticulum, which is the 
rudiment of a new differentiation. In the Gnathostomata a third 
canal is developed, so that henceforward three semicircular canals 
open into the vestibule. 

When the vesicle of the labyrinth sinks beneath the surface, its 
stalk-like basal piece remains open on the roof of the skull, in the 
Selaohii, and swells out below tho integument into a saccus endo- 
lymphaticus. This corresponds to the recessus labyrinthi (ductus 
endolymphaticus), which passes up as far as the roof of the skull in 
the Teleostei, and may undergo various metamorphoses. One of these 
metamorphoses has been regarded as leading to the growth of this 
portion into a tube which covers the brain (Urodela), or extends to 
the base of it (Anura). In the Ophidii and Saurii it reaches to the 
roof of the skull, being filled in the embryo with crystals of lime, and 
widened out. In Phyllodactylus it extends beyond the skull, and 
may even pass into the cervical region, being swollen out in parts. 
The connection between these structures and the primitive stalk of 
the otocyst is denied, so that the recessus labyrinthi is regarded as 
an independent structure. Most of its relations, however, require to 
be more carefully investigated. In Birds it is an open cavity (r Z), 
for a short time only ; so, too, in Mammals, where later on it forms 
the aqueductus vestibuli. The vestibule and semicircular canals are 
very large in all Fishes ; in the Selachii and Dipnot they aro com- 



Fig. 301. Auditory organ of Cyprinus carpio. a Membranons yestibnle. h Ampulla 
of the posterior and external semicironlar canal, c United anterior and posterior canal. 
d Posterior, e Anterior. / Canalis sinns imparis. g Sinus au&torins impar. 
h Claustrum. i h I Chain of connecting ossicles, m n Air-bladder o Air-duct. 
p qr 8 Spinous processes of the anterior yertebrae. The numbers indicate the different 
bones of the skidl. 1 Basi-occipital. 2 Exoocipital. 8 4 Supra-occipital. 6 Petrosal. 
7 Parietal. 10 Ali^enoid. 11 Frontal (after £. H. Weber). 

pletelj sarrounded by the walla of the skull, while in the Teleostei 
the median portion projects freely into the cranial cavity (Fig. 301). 
Of the three semicircular canals, two — an anterior (e) and a pos- 
terior one (d) — are placed in the direction of two planes, which cross 
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one another more or less perpendicularly; the third, and outer one, lies 
in a more horizontal plane, and is provided with an ampulla on its 
posterior limb. The two vertical canals have a common piece (c) 
which opens into the vestibule, and ampullae at the two other ends. 

Even in Fishes the vestibule of the labyrinth is divided into 
several portions. An upper one is directly connected with the 
semicircular canals (utriculus, alveus communis), and with the 
subjacent sacculus. The sacculus and utriculus contain otoliths, 
which are constant in the same, but different for different, divisions ; 
they are often very large. The branches of the auditory neiwe pass 
into the end-organs which are to be found in the walls of both 
cavities, as well as in the ampullas of the semicircular canals; in 
the ampullae they are placed on a transverse ridge (crista acustica) ; 
in the saccules they form the maculae acusticae. 

Of the numerous modifications which may be observed, the 
connections between the membranous vestibule and the air-bladder 
are worthy of remark ; the arrangement is effected in various ways ; 
it is simplest in some of the Percoidea, and Sparoidea, where the 
vestibule is continued into spaces in the skull, which are merely 
covered by membrane ; to these spaces processes of the air-bladder 
are attached. The relations are more complicated in many families of 
the Physostomi. In the Cyprinoids the sacculus (a) extends back- 
wards, and is connected with that of the other side by a sinus impar. 
This gives off a membranous saccule (atrium sinus imparis) on either 
side, which passes to an opening on the posterior portion of the 
skull, which is partly closed by a small bone. This is connected by 
masses of ligament with a series of bony pieces (iJcl)oi various 
forms, the last and largest of which is attached to the anterior end 
of the air-bladder (m). These ossicles are modifications of ribs, and 
form a continuous chain between the vestibule and the air-bladder. 
In the Siluroidea and Clupeidea connections with the air-bladder 
are effected in a different manner. 


§ 401 . 

In and above the Amphibia, the labyrinth is greatly diminished 
in size from what it is in Fishes. It is still of a relatively large 
size in the Amphibia, and is smallest in the Mammalia. The dif- 
ferences which are seen in it are partly due to the way in which the 
two cavities of the vestibule, the utriculus and sacculus, are connected 
together, and to the course taken by the semicircular canals which 
spring from the fonner. The posterior canal may sometimes be set 
at an angle to the external one (Birds). 

There is a great difference between the portion of the labyrinth, 
just described, and which is very similar in all forms, and that part 
which is only developed as an independent structure in the higher 
divisions; this, which is known in Mammals as the cochlea, on 
account of its form, presents a continuous series of differentiations 




This portion, which carries the end of a bi^di of the aoditoi7 
nerve, is still farther differentiated in the Bwtilia and Aves, where 
the diverticalmn, which forms it (Pig. 300, C D B e), is a short 
conical piece, which is directed downwards from the median Wall of 
the labyrinth, and convolves towards its fellow of the opp&nte side. 
Its end is somewhat bent, and it forms the '^lagena.^^ Among 
Mammals this stage of the or^n is seen in the Monotremata only; 
in the rest this stege is not the permanent one, for the organ is 
converted into a spirally-coiled canal. At first it is only formed by 
a prolongation of the sacculus, but special differentiations appear in 
it, and this cochlear canal, which is formed from the sacculus, is 
permanently connected with it by a narrower portion only (canalis 
reunions. Fig. 302). The organ, which thus becomes more indepen- 
dent, is sur- 
rounded on 
two sides of 
its course by 
lymphatic ca- 
vities, which 
accompany it 
in its coils, 
and pass into 
one another 
at the apex 
of the cochlea. 
One cavity 
is connected 
with the os- 
seous vesti- 
bule, the other 
is shut off 
from it at 
its commence- 
ment, and is 
only con- 
nected with 

the cavity of the vestibule indirectly ; that is by the communication 
at the apex of the cochlea. Three cavities, therefore, can be dis- 
tinguished in the Mammalian cochlea; but one only, the ductus 
cochlearis, is connected with the vestibular labyrinth. The other 
two form the scales — the sc. vestibuli and sc. tympani. The two 
scales occupy the periphery of the coils of the ductus cochlearis, 
at the base of which the end-organs of the cochlear nerves (organ 



Fig. 302. Diagrams in explanation of the labyrinth. / Fish. 
II Bird, in Mammal, U Utriculus, 8 Sacculus. U8 Utriculus 
and Sacculus. Cr Canalis reuniens. E Becessus labyrinthi. 
UC Commencement of the cochlea. C Cochlea. L Lagena. 
K Caecal sac at apex. C Cescal sao of the vestibnlnm of the 
cochlear canal (after Waldeyer). 
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of Oorti) are spread oat. As the scales arise as spaces in tlie tissue 
which accompanies the ductus cochlearisj, they are similar to the 
cavities between the membranous semicircular canals and their 
b6ny walh or between the membranous and osseous vestibules^ and 
are filled with perilymph. 

In the Amphibia^ and all higher forms^ spaces appear in that part 
of the walls of the bony labyrinth which lies on the Outer surface of 
the cranium ; these in a different fashion effect a communication 
between it and other arrangements that are connected with the 
auditory organ. The fenestra ovalis, which is always closed by a 
plate-like piece of bone^ is a hole of this kind in the osseous vesti- 
bule. A second opening, which appears first in Reptiles, and which is 
correlated with the further development of the cochlea (fenestra 
rotunda), lies in the wall of the scala tympani, and is closed by a 
membrane. 

Both these arrangements are related to the development of 
external conducting organs. 

Betzius, G., Anatom. Unterauoh. I. Stockholm, 1872, — Hasse, 0., Anatomische 
Stndien. Leipzig, 1870-73, 


§ 402 . 

Other parts are gradually added on, as accessory organs, to 
the auditory organ, although primitively having no relation to 
it. The first branchial cleft, which in the Selachii and Gano‘fdei 
persists as the spiracle,^^ enters into close relation with the 
wall of the labyrinth in the Amphibia. As it grows over this 
wall it is converted into a cavity, the wider portion of which forms 
the tympanic cavity; this is bounded in the middle line by 
the wall of the labyrinth ; the portion which leads into the primi- 
tive buccal cavity forms the Eustachian tube. It reminds us 
of its primitive (spiracular) condition by at first communicating 
freely with the exterior. The cleft is, however, soon closed, 
which leads to different arrangements. In the Coeciliae and TJrodela 
the cleft is closed by the superjacent muscles, so that there is no 
tympanic cavity. One division of the Anura (Pelobatidse) presents 
the same arrangement, for in it there are only slight indications of 
the outgrowth of the mucous membrane of the pharynx into this cleft. 
In most Anura, however, that membrane does form an outgrowth, 
and leads into a tympanic cavity, which is closed externally by a 
tympanic membrane. Among the Reptilia, the Ophidii, and 
Amphisbaenoidea have no tympanic cavity ; in Ohamaeleo there is 
no tympanic membrane; but both these parts are present in all 
other Reptiles, and in Birds. 

In the Crooodilini and Aves, the inner openings of the Eustachian 
tubes are united into a common canal, as is the case also in Pipa 
among the Amphibia. 

Those parts of the visceral skeleton which are connected with the 
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bony labyrinth, unite to form the apparatus of the auditory ossicles; 
the homologies of which have not yet been definitely made out for 
the different classes. The first portion is formed by an ossicle 
(operculum) which closes the fenestra ovalis ; in the Urodela this is 
either flat, or provided with a stalk-like process. Sometimes it is 
cartilaginous and its stalk ossified (Siredon) ; sometimes the reverse 
is the case (Menopoma). In the Coeciliae they are both ossified. 
The same arrangement obtains in the Ophidii (Eurystomata), where 
a small piece of bone (columella) reaches to the quadrate. 

When there is a tympanic membrane present the columella is 
connected with it; fpr its cartilaginous end, which has often a 
peculiar form given to it by processes, sinks into that membrane. 
The lining tissue of the tympanic cavity then surrounds part of the 
columella, and causes this bone to appear to be more or less placed 
in the tympanic cavity. These arrangements are first seen in the 
Anura, and are still further developed in the Saurii, Ohelonii, Cro- 
codilini, and Aves. The process of the columella is in some Birds 
(Dromaeus) connected with its plate by two limbs ; in other cases it 
is simple, or is connected with the plate by one enlargement only. 

Just the same relations are seen to obtain in the columella of the 
Mammalia ; with this modification, however, that it is never directly 
attached to the tympanic membrane. It is converted into the stapes, 
the form of which, in the Monotremata and many Marsupials, calls 
to mind the columella. In the monodelphous Mammalia it is 
ordinarily divided into two limbs, which carry the plate. The 
other auditory ossicles are the incus, which is connected with the 
stapes, and the malleus, which is attached to the tympanic mem- 
brane by a styliform process. A connection between the tympanum 
and the fenestra ovalis, which was previously effected by a single 
bone — ^by the columella alone — is now effected by it, and two other 
bones. IT^is chain of auditory ossicles is, for the most part, at 
any rate, placed in the tympanic cavity, for it is covered by the 
mucous membrane which is continued into that cavity from the 
pharynx, through the Eustachian tube. The tympanic cavity itself 
has, however, another relation, for it is principally formed by the 
tympanic bone, in addition to the boundaries provided by the wall of 
the labyrinth ; this tympanic bone commences as the framework of 
the tympanum. 

§ 403 . 

The external ear is derived from a prolongation of the edges 
of the first branchial cleft. In the Amphibia, ^ptilia, and Aves, 
these parts are either altogether absent, or are only present in 
individual cases, where they have been developed in consequence of 
various kinds of adaptive changes. Thus, in the Orocodilini a fold 
of the integument forms an operculum above the tympanic mem- 
brane, and in the Owls there is a movable membranous valve. 
As early as the Saurii the tympanic membrane is removed 
some way from the surface, so that there is a short external 
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auditory meatus/^ The external auditory meatus in the Mammalia 
is different, for its deeper portion is formed 
by the tympanic bone. The external 
ear, the cartilaginous support of which is 
continuous with a narrow auditory meatus, 
is attached to this. There is no external 
ear in the Monotremata. The ^'external ear” 
may be much modified, either in form, or 
in its relations to the muscular apparatus, 
which moves it. In addition to the muscles, 
which move the whole of the external ear, 
and which are sometimes of much power even 
in Man, there are others which are placed 
in the cartilage of the ear itself ; these are 
partly represented, though of course as rudi- 
mentary organs, in the human ear. This ** 

external ear is still more atrophied in aquatic 
Mammalia. Eeduced in Otaria, it is alto- 
gether absent in the rest of the Pinnipedia, 
as it is also in the Sirenia and Cetacea. 


Alimentary Canal. 

§ 404 . 

The alimentary or enteric canal of the 
Vertebrata forms a tube, which runs be- 
low the axial skeleton, and in which two 
chief portions can be distinguished mor- 
phologically, as well as physiologically, 
at a very early epoch. The most anterior 
portion is du-ectly connected with the 
body-wall, and, as it is perforated by 
branchial slits, it functions as a respira- 
tory organ, for respiratory apparatuses are 
developed in the vascular arches between 
the clefts. This portion does not, therefore, 
belong exclusively to the digestive organs, 
although it is used in the ingestion of food. 
It forms the respiratory cavity, at the 
end of which the nutrient canal, in the 
strict sense, commences ; this is separated 
from the body-wall by the pleuro-peritoneal 
cavity. The Vertebrata have these 
two portions of the enteric tube in 
common with the Tunicata. In the 
Acrania the respiratory chamber of the 
enteric tube occupies a very large portion, 
which, as in the j^cidise, represents a large 


Fig. 308. Aniphioxns 
lanceolatns 
a MontliySurrounded by cirri. 
h AnaB. c Abdominal pore. 
d Branchial sac. e Gastric 
portion of the enteron. 
/ Cmonm. g Hind-gut. 
h CGolom. % Notochord, be- 
low which is the aorta, which 
accompanies it for nearly 
its whole length, h Aortic 
arches. I Aortic heart. 
m Enlargements of the 
branchial aperies, n Heart 
of the vena cava, o Heart 
of the portal vein (after 
Quatrefages). 
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part of the body. This space is gradually reduced in size in the 
Craniota; it still, however, retains its respiratory function, but 
many other organs are also differentiated in it ; these are, largely, 
accessory organs for the ingestion of food. 


Eespiratory Ante-chamber (Cephalic enteron). 

§405. 

In Amphioxus this portion is bounded, in its most anterior 
region, which is close to the cavity which carries the mouth, by a 
ciliated apparatus ; there are a number of movable processes also 
at that point, which are directed towards the lumen of the tube, 
and so prevent the entrance of foreign bodies. The ante-chamber 
(Fig. 303, d), which occupies about two-fifths of the whole length 
of the body, has its walls broken through by a large number of 
obliquely-set clefts ; these form a complicated framework, the sup- 
ports of which have been already (§ 353) mentioned. The water, 
which is taken in by the mouth (a), passes through the clefts, and so 
to the exterior. But as two lateral dermal folds are gradually con- 
tinued ventrally over the surfaces on which the clefts are placed, and 
become united below, a peribranchial cavity is formed, which opens 
by a special pore (c). It should here be remembered that there was 
something similar to this in the Ascidiaa (§ 310). But it would not 
be correct to suppose that the two structures are morphologically 
identical. A vascular plexus is distributed in the walls of the clefts, 
the water that streams past effects respiration, the clefts function as 
branchial clefts, and the whole cavity represents functionally a 
branchial cavity. 

There are many special points in this arrangement in Amphioxus, 
such as the want of symmetry in the branchial frame, and its inde- 
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pendence of the metamerism of the body; so that there is altogether 
a great difference between this apparatus and that of the Craniota. 
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The region of the body which is occupied by the branchial cavity 
corresponds to a head, for the nerves which go to it arise from the 
myelencephalon in the Craniota. Viewed thus the branchial cavity 
represents a cephalic enteron. Its nutrient and respiratory signifi- 
cance is the cause of various differentiations in it, which are partly 
arrangements which are peculiar to the Vertebrata, and partly 
arrangements which have been inherited from a lower condition. In 
addition to the branchial clefts, the ventral groove (hypobranchial 
groove), which is developed on the ventral surface of the branchial 
cavity, belongs to the latter series ; this has just the same relations 
as in the Tunicata (cf. p. 402) ; it is found in the larvm of the 
Petromyzontes, where it forms a grooved depression, enclosed by 
ridge-like edges (Fig. 304, A). In Amphioxus this structure is also 
present. Its presence in various stages of metamorphosis in all 
Craniota, not only brings these forms into closer connection, but is an 
indication of their genetic relations to the Tunicata, which must not 
be forgotten (of. § 416). 


Branchias. 

§ 406. 

In the Craniota the branchial clefts are universally much reduced 
in number, as are also, in correspondence with this, the arches of the 
branchial skeleton. This phenomenon must be regarded as the 
degeneration of a primitively larger number of these struc- 
tures, such as is found in Amphioxus; it is compensated for 
by the increased size of the surfaces which carry the 
respiratory vascular plexus. This increase in size is implied by 
the development of the gills, whereby the blood-vessels, which, in 
the Acrania, are distributed over a large number of arches, are 
limited to a less extensive region, and are therefore arranged on a 
smaller number of arches. The essential point in the formation 
of branchiea in these animals is the increase of the surface which 
is directed towards the respired medium, and this increase may be 
effected by means either of lamellas or of cylindrical processes. 
The branchial arches are provided with various forms of these 
organs, which enclose the well-developed respiratory vascular network. 
We find that in the Oyclostomata these organs have special characters, 
which have but little resemblance to what is found in Amphioxus ; 
their earliest condition is most like what is seen in the Gnatho- 
stomata, for the branchial clefts are simply spaces in the body-wall 
(Fig. 304). They are differentiated into tubes, the median portion 
of which has its lumen widened, and forms a branchial pouch 
(Fig. 305, hr). Branchial lamellas are raised up from the wall of 
the branchial pouches in the form of leaf -like folds, in which the 
respiratory vascular plexus is spread out. Each branchial pouch 
is connected, .by an internal branchial duct,^^ with the anterior 
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section of tlie enteric tube. An external branchial duct (Jr') leads to 
the exterior. There are several variations in the chaiucters of the two 
canals which spring from each branchial pouch. The inner ones either 
open each separately into the digestive tube (Bdellostoma^ Myxine) 

(Pig. 805), or they all unite into a median 
® respiratory tube which runs below the diges- 

tive tube, and being connected in front with 
the digestive tube carries water to each of 
the branchial pouches (Petromyzon). The 
external branchial ducts either open sepa- 
rately on the sides of the body (Bdello- 
stoma, Petromyzon), or all the ducts of one 

* 6ide are united into a branchial pore {s) 
which lies behind the branchial apparatus ; 
on the left side a special canal (c), which 
comes from the oesophagus (ductus oeso- 
phago-cutaneus), also opens into the same 
pore (Myxine). These different forms may 
be derived from one another; in the case 
(£ both of the inner and the outer branchial 
ducts that condition should be regarded as 
^ the primitive one, in which there is a direct 
connection between the respiratory chamber 
and the surface ; while, on the other hand, 
the formation of the respiratory tube, 
and the union of the external branchial 
ducts, is the result of a subsequent differ- 
entiation. 


Fig. 305. Bespiratory organ 
ofMyxineglutinosa, In Fishes, the branchial pouches are 

more closely related to the skeleton. The 
nerbranchiaiducts. brBran- phenomena seen in them lead to the con- 
chial pouches, tr' External elusion that each arch of the primitive 

branchial skeleton carried gills. The upper 

on either Bide into a common j. p l t tii\ 

branchial duct, which opens P^rt 01 the UTSt (mandibular) arch IS not 
at «. c Ductus oBsophago- excluded from this ; as is clear from the 
1^, fre^oent presence of a gill in the opening, 
giving off a branch to each which IS found m many Selachii— the so- 
giii. d Lateral wall of the called spiracular cleft — between the first 
body tumed outwards and ^nd second arches (mandibular and hyoid 
Muller). ^ ^ arches). The spiracular canal, which repre- 

sents a degenerate branchial pouch, is suc- 
ceeded by the true branchial pouches, of 
which there are, as a rule, five ; and rarely six or seven (Notidani). 
The wall of the first pouch is supported in front by the hyoid arch, 
and behind by the first (i.e. by the third primitive) branchial arch ; 
the other pouches have just the same characters. In each of them 


§ 407. 


a septum («), supported by cartilaginous rays, extends outwards from 
the internal branchial skeleton, and serves as the posterior wall of the 
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pouch in front, and the anterior wall of the one behind. While the 
pouches communicate with the pharyngeal cavity by narrow orifices, 
which are bounded by the cartilaginous branchial arches, they also 
open on the side (or in Rays, on the ventral surface) of the body by 
just as many clefts. Rows of branchial lamellae lie in the walls of 
the branchial pouches ; in the embryonic condition these lamellae 
develop filamentous prolongations, which form the external gills. 
These are also found on the spiracular cleft. The anterior wall 
only of the last branchial pouch is provided with a gill (Fig. 306, A), 
From this arrangement we may derive what we find in the 
Ganoidei, and from that what we find in the Teleostei. The spiracular 


gill, which has no respiratory function in the adult state of the 
Selachii, is the first 

to undergo the A ^ 

greatest degenera- X 

tions. In some /) r\ ^ 

Ganoidei, which /l / ^ \ / i /j/^\ 

possess a spiracle / J J V \ / 1/ \ 

(e.g. Acipenser), / / >/ \ \ f j/ \ 

the gill is con- / /y/ \ \ / f /i ^ 

verted into a / / }// ^ 

Pseudobranchia \ ‘ I / /? ^ 

(a gill which has ^ f L///J \ 

lost its proper v 

branchial artery \v wy//) \\ 

and vein) \ this is (/yyj ^ frA \ 

not found in Poly- \ ifr 

pterus nor Amia. ^ ] /|(/ \ [I 

In the Osseous f / 1 ’/I 

Fishes it also ap- 

4 .^iv^ 806. Horizontal section through the branchial cavity, 

pears to be wanting, ^ Qf Soyllium. B Of Barbus. The floor of this cavity 
or has lost all re- is shown. I Tongue, oe (Esophagus. « Septa of the 


semblance to a gill. branchial pouches, h Gills, op Operculum. 

The anterior 


series of branchial lamellae of the Selachii, that, namely, which is 
attached to the posterior face of the hyoid arch, is also found among 
the Ganoidei, where it forms a respiratory opercular gill (Acipenser, 
Lepidosteus). It is found also during the embryonic stages of the 
Teleostei, but it does not persist. It sometimes consists of a short 
row of lamellae, which is attached to the operculum ; sometimes it 
is carried to the base of the skull, and sometimes it is hidden 
below the mucous membrane. Even when in this condition, rudi- 
mentary cartilaginous rods may be found in it. When still more 
degenerated, it forms a glandular structure, which is made up of 
several lobules (Esox). 

When all trace of the external branchial skeleton disappears, 
the septum which arises from each of the inner branchial arches 
disappears also, or is reduced to a slender fringe. Owing to this, 
the rows of branchial lamellae in the Ganoidei and Teleostei come 


into close relation with their respective branchial arches, and are 
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conseqaentlj placed in two rows on each ardi as it passes between 
two branchial TOuches (Fig. 306, B b)* The anterior row of branchial 
lamcliaa in a Teleostean or a Ganoid corresponds, therefore, to the 
gill on the hinder wall of the branchial pouch of a Selachian, and the 
hinder row of lamelte in a Teleostean pH corresponds to the anterior 
gill in the branchial pouch of a Selachian. 

These relations are shown in the following diaginm, in which b 
is the indifferent stage of the rows of branchial lamellas, B is the 
differentiated arrangement in the various divisions. P represents any 
row of bi’anchial lamellae, which is specially modified or reduced : 

Sclachii: ^ B* JB* 

GanoMei ^hhhhhhhh h 
(Storio, LepidosteuB) w— 

and Teleostei : — 0 B^ B® B^ B* 

By the degeneration of the septa between the branchial pouches, 
the whole giU apparatus is made more compact, and no longer 
therefore extends back into the region of the trunk, as it does in the 
Selachii; it is confined to the base of the skull. Whilst in the 
Selachii the projecting septum {A s) forms an organ of protection 
for the succeeding branchial pouch, a similar organ is formed in 
the Chim 88 r 80 , GanoYdei, and Teleostei, from a single arch — namely, 
from the hyoid ; the integument on this arch grows backwards and 
covers all the gills, and is developed, in the GanoYdei and Teleostei, 
into the opercular apparatus and the branchiostegal membrane, with 
their various skeletal pieces (§ 354) {B qp). 


§ 408. 

In the Teleostei four arches are ordinarily beset with branchial 
lamellss, the fourth arch having a single row only, or there are but 
three arches which carry lamellas. When the lamellee of the fourth 
arch, and the posterior row on the third arch disappear, the fourth 
branchial cleft is ordinarily closed. Perhaps one of the most im- 
portant of the modifications which affect the lamell® themselves is 
seen in the villous gills of the Lophobranchiata. In some divisions of 
the Teleostei, the branchial arches seem to be so metamorphosed as 
to be able to retain the water in the branchial apparatus. The 
organs of the Labyrinthobranchiata are of this kind; separate 
branchial arches or parts of such, are modified to form coiled lamella- 
like processes, which give rise to a portion which is placed above the 
gills (Anabas, Polyacanthus). Another apparatus, which is found in 
various Clupeidee, consists of a spirally-coiled tube (branchial coil), 
which is formed by a diverticulum of the superior pharyngeal mucous 
membrane. This tube is generaUy connected with the superior 
segment^ of the fourth branchial arch, and has processes of its 
skeletal parts in its walls (Heterotis, Lutodeira, Meletta, etc.). The 
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arborescent processes of the branchial arches^ which are placed 
in special prolongations of the branchial cavity, where they support 
a respiratory vascular plexos, also belong to this series (Hetero- 
branchus, Clarias). 

Diverticula of its investing mucous membrane have the same 
respiratory function as the cavity itself. Thus, in Saccobranchus, a 
long tube extends from the branchial cavity, on either side, as far 
as the lateral trunk muscles ; in Amphipnous there is a sim^r sac 
behind the head, which opens just above the first branchial cleft. 
Both these organs contain respiratory vascular plexuses. 

§ 409 . 

External gills in the form of integumentary structures were not 
primitively possessed by the Vertebrata, for the so-called external 
gills of the Selachian embryo are nothing more than filaments of the 
internal gills which protrude through the branchial cleft. Gills, how- 
ever, may come to the surface, and take the form of tegumentary pro- 
cesses; such gills may be seen in the young stages of Polypterus; cer- 
tain gills of footopterus, and the gills of the Amphibia generally are 
of this character. In the Amphibia the gills have the appearance 
of two or three pairs of branched processes, which spring from as 
many branchial arches. In the Perennibranchiata this apparatus is 
permanently functional. In the rest of the Amphibia (Gaducibran- 
chiata) these external gills disappear ; in the Anourous forms, where 
they are found for a short time only, they are replaced by shorter 
internal gills. A membrane which grows from before backwards 
covers the gills, so that there is only one efferent orifice. The 
orifices on either side may continue to grow out, and get nearer to 
one another, so as to unite into a single ventral orifice. 

When the larval stage ceases, the inner and outer gills of the 
Derotremata and Salamander are atrophied; in the latter, as in 
the Anura, the branchial clefts are completely closed, but in the 
Derotremata a cleft is left on either side. 

When the gills disappear, the branchial cavity, which constitutes 
the respiratory antechamber, is converted into the primitive buccal 
cavity, which is limited by essentially the same parts as it was 
before. 


Branchial Clefts, and Palate of the Amniota. 

§ 410 . 

In the Amniota, also, the arrangement which has been trans- 
mitted from their branchiferous ancestors is retained during certain 
stages of embryonic life, in the form of clefts in the wall of the 
pharynx. These branchial or visceral clefts are never more 
than four in number, and they appear in such a way frdin Wore 

2 N 
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backwaraBftliakwbea tbe laafc has appea^ tbe Mteiw onw have 

alraady nudeTKoas owtaiDi obangas. ’Tmv 9T0 all gHdoaDv 
atrophied, and completely disappear, except the fimt, p^ of which 
is converted into tbe middle and outw ear (cf* snpr^ } ^ 

The degeneration of the embrvonio bi^chial clefta is an imnor- 
tant point of difference between tne Amniota and the Anamnia^ but, 
in addition to this, there is a new peculiarity which is due to a 
differentiation of the primitive buccal cavity. This leads to the 
formation of the secondary nasal cavity, and of the secondary 
buccal cavity. The remnant of the primitive buccal cavity, which 
lies behind, and is not affected by this process, forms the Pharynx. 
The cartilaginous portion of the ethmoid, which separates the two 
nasal cavities, and is broad in the Amphibia, is developed in the 
Amniota into a thin vertical lamella (Fig. 807, c)— the intemasal 
septum. It remains partly cartilaginous, and is partly converted into, 
and develops bony structures, which were 
treated of under the cephalic skeleton. 

A second change is brought about by hori- 
zontal ridges or processes, which are given off 
from the maxillary process of the first arch, 
and which gradually form a plate (Pig. 307, p), 
the palate, which divides the primitive buccal 
cavity into two compartments. This plate 
forms the floor of the upper, or nasal cavity (??), 
and the roof of the lower one (m). When the 
intemasal septum reaches this palatine plate 
it separates the nasal cavity into two por- 
tions, into each of which the nasal canal 
now opens, while its external orifice is coin- 
cident with that of the bifid nasal cavity. The 
posterior orifices of the nasal cavity, the choanm, which are 
separated by the palatine plate from the buccal cavity, and by 
the vertical intemasal wall from one another, open into the 
pharynx. 

Very various stages in the arrangement of these palatine plates 
may be observed. In the Ophidii, Saurii, and Aves, the process of 
separation is less complete, the posterior nares form a longitudinal 
cleft, owing to the palatine processes uniting anteriorly, but being 
separated from one another posteriorly. They are sometimes 
separate in Birds, in which case they are exceedingly small. In the 
Crocodilini they are placed farther back than in any other forms, 
while in the hj^ammalia they do not open into the secondary buccal 
cavity, but into the pharynx. This latter region is thereby — as also 
by the opening into it of the Eustachian tube, which is developed 
from the first visceral cleft — shown to be a portion of the primitiye 
respiratory antechamber. 

In Beptiles and Birds the palate is supported by pieces of the 
Skeleton (vide supr&) ; in Mammals the hinder portion is formed 
of soft parts, which form the velum palatinum.^^ 



Fig. 307. Diagram of 
the differentiation of the 
primitiye bnooal cayity 
into nasal cayities (n n), 
and a secondary bncoal 
cavity (m). p Palatine 
plate, c Intemasal wall. 
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Nasal Carity. 

§ 411 . 

WliUe the nasal cavities are increased in lengthy owing to their 
being shut off from the buccal cavity by the palate, the increase in 
the size of the facial portion of the hcM also affects them ; they 
increase both in length and height, and thus become large spaces. 
The olfactory nerve ends in their superior and posterior portion 
only (regio olfactoria), while the inferior and anterior portion 
principally serves as an air-passage,^^ and consequently comes into 
relation with the respiratory organs (regio respiratoria). The whole 
differentiation therefore of the nasal cavity is seen to be connected 
with the development of the lungs, and their increased physiological 
importance. The increase in the extent of the internal cavity is 
effected in various ways. The lateral wall of the nasal cavity, 
which is developed from the primordial cranium, always takes paH 
in this process; the turbinate bones are lamellar, folded, and 
coiled processes of this wall. 

In the Reptilia there is only one turbinate bone; this extends 
backwards from a cavity, which commences at the external nasal 
orifice, and is generally horizontal in position ; it is feebly developed 
in the Chelonii, and best developed in the Orocodilini. It is very 
varied in character in Birds. Sometimes it is simple (Columbm), 
sometimes complicated by coils (Raptores), or it may be cleft into 
several lamellm (Struthio). A turbinated structure is connected 
with the intemasal septum in front of, and below this bone, and is 
by 'this connection distinguished from the turbinate bones, which 
are always lateral in position. This pseudo-concha separates the 
vestibule of the nose from the internal nasal cavity. 

Above the turbinate bone, and, as a rule, at the upper blind end 
of the nasal cavity, there is another process which corresponds to a 
depression formed in the wall of the nasal cavity by an air sinus. 
Part of the olfactory nerve ends on this process, which is not found 
in the Columbidse. In the Mammalia three turbinate bones may be 
distinguished. The lower one corresponds to the single bone in the 
Reptilia and Aves ; it varies very greatly owing to the way in which 
its lamellm are ramified and variously coiled, e.g. in the Carnivora (it 
is most complicated in Lutra and Phoca). These bones are least 
developed in various Marsupials (Macropus, Phascolomys), in the 
Apes (they are simplest in the Platyrrhini), and in Man. In the 
Cetacea the cavity has undergone degeneration in consequence of 
the loss of its olfactory function. The orifice on the upper surface 
of the skull leads into a vertical canal, which is divided by the inter- 
nasal septum, and which can be shut off from the pharyngeal cavity by 
an occlusor muscle; there are no signs of any turbinate bones 
in it. 


2 N 2 
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§412. 

There are accessory organs belonging to the nasal cavity. These are : 

1) Accessory cavities of the nose. These are formed by 
the sinking of the mucous membrane of the nose into parts of its 
firm wall. They are first seen in the Orocodilini, where there is a 
cavity in the side walls of the nasal cavity, which communicates 
with it. In Birds we frequently meet with connections between the 
nasal cavity and the spaces in the neighbouring bones. In the Mam- 
malia the nasal cavity communicates with a number of cavities in 
different bones of the skull, the most important of which are the sinus 
frontales. These are cavities which are placed in the frontal bone, 
and which are either single, or divided into smaller portions ; they 
are very greatly developed in the Ruminantia. There are other 
communications with the sphenoid ; these are greatly developed in 
the Elephant, for example, where the cavities extend through the 
parietal and temporal bones as far as the occipital condyles. Lastly, 
there are connections between the nasal cavity and the maxilla; 
these form the sinus maxillaris, which is developed in Marsupials 
and Ruminants, and very largely in the Solidungula. In Primates 
they are less extensive, and they are not present in most Carnivora, 
Edentata, or Rodentia. 

2) Glands. There are larger glands connected with the nasal 
cavity in addition to the glandular structures which are ordinarily 
found on the mucous membrane of the nose. When they are more 
developed they may also extend outside the nasal cavity. Such 
nasal glands are found in the Amphibia and in the Ophidii, as also 
in the Saurii and Orocodilini; in the former they lie outside the 
upper jaw, and in the latter they are enclosed in a maxillary sinus. 
In Birds also there is an external nasal gland, which is sometimes 
placed on the frontals, and sometimes on the nasal bones. Among 
the Mammalia also we find a gland on the sides of the face, but it is 
absent in several orders. 

3) Organ of J acobson. This is a canal placed at the base of 
the nasal cavity ; it is generally attached to the nasal septum, and 
communicates at the palate with the buccal, though it is shut off 
from the nasal, cavity ; its walls, which form various kinds of pro- 
cesses, carry the ends of a branch of the olfactory nerve, which 
passes down the sides of the septum. In the Ophidii and Saurii the 
canal is partly enclosed by the vomer; in the Mammalia these 
organs are elon^ted, and are continued, as the ducts of Stenson, 
through the incisor canals, to the surface of the palate ; they are 
best developed in the Ruminantia and Rodentia (§ 396). 


Buccal Cavity. 

§ 413 . 

When the primitive antechamber of the enteric tube is divided 
into the nasal and buccal cavities, by the formation of a palate, a 
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number of organs, wbicb were seen in the primitive arrangement, 
are assigned to the buccal cavity, while other organs appear only 
as later developments. The teeth, the tongue, and various glandu- 
lar organs belong to the former series. The soft palate, or velum 
palati, which is only found in Mammals, is a new organ. This 
muscular apparatus forms the posterior boundary of the buccal 
cavity, and separates it from the pharynx. The uvula is a median 
prolongation of the velum palati ; this structure is apparently found 
in the Primates only. 

In Reptiles and Birds the anterior and lateral boundaries of the 
buccal cavity are formed by the margins of the jaws, which are 
invested by the integument, and by the hard structures which are 
found on the jaws. In the Saurii and Ophidii the integument de- 
velops pad-lixe lips along the edge of the jaw. In all Mammals, 
except the Monotremata, the integument is separated from the edge 
of the jaws, and invests a complicated muscular layer which has its 
origin in them ; this layer forms the ground-work of the lips, and 
gives them their mobility. In this way a space is developed which 
lies in front of the buccal cavity — ^the vestibulum oris. The lateral 
portions of this space form the cheek-pouches, and, when capable of 
great extension, develop into the pouch-like diverticula of many 
Mammals (buccal pouches of the Rodents and Apes). 


Organs of the Buccal Cavity. 

§ 414. 

Of these organs those hard structures which serve for the pre- 
hension and comminution of food are of 
various kinds. Some of them are formed 
by the cornification of epithelial cells. The 
sucker-shaped mouth of the Cyclostomata 
(Fig. 308) is beset with horny teeth of this 
kind, which are also present on a tongue- 
like organ in these animals. In the Am- 
phibia the edges of the jaws are provided 
with a similar covering; these structures, 
which are partly limited to the larval stages, 
are formed of a number of closely-set den- 
ticles (Anura) ; in Siren some are retained 
throughout life. 

The larger homy coverings on the mar- 
gins of the jaws of the Chelonii, Aves, and 
Monotremata difEer somewhat from these 
horny denticles ; they are compensatory 
arrangements, the presence of which is due 
to the absence of true teeth. Although 
these structures are used for the commmution of food, they have 
nothing to do with true teeth ; they are purely epidermal structures, 
as is abo the whale-bone of Y^ales. 



Fig. 808. Month of Pe- 
tromyspn marintiB. with 
its “ homy teeth * (after 
Heokel and Ener). 
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Tho true teeth are the product of the mucous membrane of the 
mouthy which is formed of connective tissue as well as of epithelium. 
In the S^lachii their structure and mode of development is exactly 
the same as that of the dermal denticles, with which also they 
have many external points of resemblance ; as, therefore, the matrix 
of the two is continuous, and as in many Selachii these integu- 
mentary scales are distributed over other portions of the wall of the 
buccal cavity, we may conclude that the teeth and scales were 
primitively identical. The teeth, which are developed on the 
edges of the jaws are, therefore, however much they 
are differentiated, nothing more than large structures 
of the same kind as those which are found in the 
integument. The change in them, as compared with 
these integumentary scales, is clearly due to adapta- 
tion to new functions, while their first appearance was 
contemporaneous with the differentiation of the primi- 
tive mandibular arch. The presence of these structures 
in the primitive buccal cavity is explicable from the 
fact that it was formed by an invagination from the 
exterior. 

All teeth are developed in essentially the same way ; this has 
been already described above (p. 423), when we were speaking of the 
dermal denticles of the Selachii. The dental papiUa, formed of 
connective tissue, develops the dentine from an epithelial-like 
superficial layer (odontoblasts) ; and on this an epithelial layer 
deposits the enamel. When the teeth are developed on the surface, 
these layers are continuous with those of the surrounding mucous 
membrane. When the rudiment of the tooth is sunk into the 
mucous membrane, an epithelial thickening (enamel ridge) is 
developed, which grows into it ; the portion of it which covers the 
dental papilla is separated ofE, and forms the enamel organ. The 
cement, or bony layer, is added to these two substances, and forms a 
third layer. 

We have described above how the presence of teeth in the buccal 
cavity, and their deposition on the cartilaginous skeleton of its wall 
leads to the formation of bone (§ 842). These bones are derived 
from dentigerous plates, and therefore each of them may carry 
teeth. In the Gknoidei and Teleostei, for instance, there are teeth 
on the palatines, vomer, and parasphenoid, in addition to the maxillary 
bones ; and, also, on the hyoid and branchial arches. It is generally 
the last of the branchial arches reduced to a simple plate, which 
is distinguished by the possession of teeth (pharyngeal teeth; 
Fig. 256, 71). Teeth are much more common on the upper pieces 
of the branchial arches. 

In the Amphibia there are still teeth on the palatine and vomer; 
more rarely on the parasphenoid; among the Beptilia, the Ophidii and 
Saurii ^one have teeth on the palatine and pterygoid ; while in the 
Crocodilini, as in the MammiJia, the teeth are confined to the 
maxillary bones. 
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In the Selachii they are partly movable, and are arranged in 
rows of different ages. In most I’^ishes they retain their superficial 
position, and, where they are more firmly united, 
this is effected by their fusing with the bones 
which carry them. This is the case also in the 
Amphibia, where the earliest dental structures 
form their proper bones by fusing together at 
their bases. In the Reptilia the teeth are formed 
independently, like the later teeth of the Am- 
phibia; sometimes they are mere excrescences 
(pleurodont Lizards) ; sometimes the developing 
teeth are sunk into their proper bones. In some of 
the Saurii, the teeth are attached to the edge of 
the jaw (acrodont Lizards). In the Geckos and 
Ophidii, and in all Orocodilini, the developing 
teeth are partly surrounded by the edges of the 
jaws, and are, therefore, embedded in alveoli. A 
similar arrangement obtains in the Mammalia. A 
mass of epithelium grows into the mucous mem- 
brane of the edge of the jaw, and forms a cap 
around a papilla, on which the rudiment of the Tig* 809. Diagram 
tooth is developed ; as this follicular structure is teeth. ^ A pr^^s 
surrounded by the jaw the tooth is completely of the epithelial 
differentiated within the jaw, and only breaks layer is sunk into the 
through the mucous membrane as it is ^dually 
developed ; the saccule which forms it is nipped organ (e) over each 
off from this mucous membrane. papilla (p). 

The teeth vary very greatly in form, so that 
there is every intermediate stage between broad plate-like struc- 
tures, and long, fine, spicular forms ; this variety of character is 
most common in Fishes. The teeth of the Amphibia are more 
similar in form ; in the extant members of the group, at any rate, 
they are generally simply conical, or faintly notched. Among the 
Reptilia greater differences are seen in the Saurii, and partly too 
in the Ophidii, in some of which a certain number of teeth are 
connected with a special poison apparatus. In the Orocodilini, also, 
the conical form is the most common; in them the new teeth are 
always placed below those which are already developed, and are 
covered by them. 

Birds have no teeth. But as fossil forms — ^the Odontomithes 
(Ichthyornis, Hesperornis) — are known in which the jaw did carry 
teeth, their absence in extant forms must be regarded as having 
been acquired within the limits of the class. 

Among Mammals, the individual tooth varies very greatly, so 
that a single dental apparatus contains various forms of teeth. 
These, again, have different functions in relation to the food in- 
gested, and vary ^eatlv in character according to the kind of 
food; it is in the Selphmoidea only that the lower condition, in 
which all the teeth are similar, is retained ; in the Balsenoidea the 
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teetli are merely formed in rudiment, and are atropliied while stil 
within the alveolar cavities. . 

The replaoement of the worn-out, and subsequently-shed teeth, 
is effected in Fishes by the continual development of new teeth close 
to the old ones. Teeth are, therefore, developed by a process which 
is continued 4;hroughout the whole life of the animal, and is always 
being renewed. Even in the Amphibia and Eeptilia we also meet 
with successional teeth, so that by the continual development of 
fresh teeth the dental apparatus is kept complete. In most 
Mammals this process is limited to a single change, the first (milk) 
dentition being replaced by a second one, in which there is a larger 
number of teeth (Diphyodonts). This change does not happen in 
the Cetacea (Monophyodonts). In the Marsupialia the diphyodont 
condition is in a rudimentary stage, for it is confined to one tooth 
only on either side of the jaw. This is the case also in several other 
Mammals (Blephas, Halicore), while the Rodentia would seem to 
belong to this series. The two series are therefore connected, and 
the change of teeth in the Mammalia may be regarded as a process 
which has been developed from a polyphyodont condition. 

Tomes, Gh. S., Manual of Dental Anatomy, Human and Comparative. London 
1876. 


§ 415. 

The tongue is a second organ of the buccal cavity. In Fishes it 
is generally a process formed by the investment of mucous mem- 
brane of the body of the hyoid. It is fiat, and movably connected 
with the general branchial skeleton only. Like the other skeletal 
portions pf the wall of this cavity it frequently carries a number of 
teeth. This organ is not provided with a special musculature below 
the Amphibia, where it forms a thick, and in many, a protrusible 
structure. It is not developed in Pipa and Dactylethra. As a rule, 
the anterior end alone is connected with the fioor of the buccal 
cavity, and the posterior, and more movable portion, is drawn out 
into two processes. In the Eeptilia there is likewise a muscular 
tongue, which, in the Ophidii and Saurii, can be drawn out of a 
special sheath. The epithelium of the tongue, which is ordinarily a 
delicate or^n, frequently develops scales and knobs on its upper 
surface, while the anterior end is drawn out into two fine points 
(Fissilingues) (Fig. 310, »). In the Chelonii, and especially in the 
Orocodilini, the tongue is broad and flat. In Birds, the anterior 
end of the tongue is ordinarily covered by a comified layer of 
epithelium, and is sometimes beset by lateral barbs (Woodpeckers), 
or fine setss (Toucan) ; it is in the rsittacidas only that the tongue 
forms a larger fleshy organ. In the Mammalia we find that the 
tongue is very large, owing to the ^eater development of its 
musculature, while at the same time its investing mucous mem- 
brane is provided with a, number of differentiated papillm. The 
function of the organ is chiefly that of aiding in the ingestion of 
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food. In many Prosimii and Ohiroptera, as also in the platyrrhine 
Apes, there is a process below the tongue which is sometimes 
double ; this is the so-called sublingua. ^ 

The glandular organs connected 
with the buccal cavity are developed 
from its mucous membrane. When 
they are largely developed, and are 
placed outside the mucous membrane, 
their efferent ducts pass into it. 

They may therefore be regarded as 
greatly developed glands of the mucous 
membrane. Larger glands of this kind 
are placed between the nasal capsules, 
and on the palate, in the Amphibia. 

When they are much larger they may 
extend on to the skull (intermaxillary 
glands). The labial glands, which are 
set along the edges of the jaws in the 
Reptilia, must be mentioned (Ophidii 
and Saurii). The poison-gland of the 
Ophidii is a larger organ, but is merely 
formed by a modification of simple 
glands. In the Ohelonii there is a 
pair of glands below the tongue, which 
are regarded as salivary glands. The 
Saurii also axe provid^ with similar 
groups of separate glands. Larger 
glands of this kind, which aid in the 
production of a buccal fluid, are also found in different regions. 
They are constant in Birds and Mammals, and are distinguished 
as sub-maxillary, sublingual, and parotid glands. In Birds the last 
of these open at the angle of the mouth, but in Mammals, in the 
vestibulum oris. These glands 

are not developed in the Cetacea, A ^ ^ 

and but feebly in the Pinnipedia. 

The three pairs are largest in 
Herbivora; sometimes one and 
sometimes another pair being the IT « ^ 

best developed. 



Fig. 310. Hyoid apparatus, with the 
tongue and trachea of Yaranus. 
0 Median piece of the hyoid, 
h' Anterior, h" Posterior cornu 
of the hyoid, m m' Muscles. 
tr Trachea, s Tongue. 


§ 416. 



Fig. 811. Sections through the body of 
young larvae of Petromyzon to show the 
ventral groove, d Branchial cavity (after 
Calberla). 


Mention has still to be made 
of the hypobranchial groove 
and its derivates. It is an organ 
differentiated from the primitive cephalic enteron (cf. p. 540). In 
Amphioxus it extends all along the branchial cavity. Among the 
Oyclostomata it has only been observed during the early larval con- 
dition of Petromyzon (Pig. 304, h). As it &es not extend along 
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the whole of the branchial cavity, it appears to have been reduced, 
in comparison with the same organ in the Tunicata. When the 
organ which functions as a tongue is differentiated, the groove under- 
goes still further reduction, and is converted into a canal, which is 
gradually cut off from the superior cavity (Fig. 311), and is at last 
completely separated from it. In the adult animal it is converted into 
a complex of follicles, covered with epithelium, which extend from 
the second to the fourth pair of branchial sacs. They form an 
organ with unknown physiological relations — the thyroid gland. 

In the Gnathostomata a groove, remaining for some time, is 
no longer developed, but at the homologous region a process of the 

lumen of the cephalic enteron is 



Pig. 812. Thymus (th) and thyroid 
(t) of a mature embryo of Buteo 
Yulgaris. tr Trachea. 


nipped off, and forms an azygos 
follicle invested by epithelium. By 
a process of gradual gemmation this 
is broken up into a number of sepa- 
rate follicles, which are united to- 
gether by connective tissue. In 
Fishes the organ is placed not far 
from the point at which it was 
formed ; that is, at the anterior end 
of the trunk of the branchial arteries, 
and between it and the copula of the 
hyoid arch. In the Amphibia the 
thyroid is placed near the larynx, 
where it forms a paired coil (unpaired 
in Proteus), and is set on the inner 
surface of the posterior cornua of the 
hyoid. It is sometimes broken up 
into several groups. In the Eeptilia 
it is unpaired, and lies in front of tho 
aortic arches ; in Birds, however, it 
is paired (Fig. 312, i^), and lies 


near the commencement of the 


carotids. In both these divisions, therefore, it is removed some 
way from the point at which it was developed. This appears to be 
due to the shifting backwards of the great arterial trunks. Among 
Mammals it is separated into two parts in the Monotremata, many 
Marsupials, and various other forms; while in the rest its two 
lateral masses are united by a median bridge (isthmus). It always 
lies j^t below the larynx, and on the trachea. 

The preservation of this organ, which lost its primitive si^ifi- 
cance even in the lower Vertebrata, throughout the long senes of 
higher forms, is explicable from the fact that it has been inherited 
from what is phylogenetically a veij early period ; it is an arrange- 
ment, indeed, which was physiologically of great importance to the 
ingestion of food in the Tunicata. 


Kullkb, W., Die Hypobrandfaialrinne der Tunioaten, etc. Jen. ZtBobr. Bd. VII. 
The same, Sntw. d« SohilddrGse. Jen. Zteohr. Bd* YI. 
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Alimentary Canal proper (Bnteron of the Trunk). 

§ 417. 

That portion of the tractus intestinalis, which serves exclusively 
for the ingestion and alteration of food, commences at the hinder 
end of the cephalic enteron ; this, which is the digestive tube in the 
strict sense, has an apparatus differentiated from it at its anterior 
boundary, which forms an air-bladder in Fishes, where it is in an 
indifferent condition, and a respiratory apparatus consisting of lungs 
and trachea in the Amphibia and all higher forms. 

The most anterior portion of the (figestive tube is not sharply 
marked off from the cephalic enteron. As they are both innervated 
by the vagus, there is reason for supposing that this portion was 
primitively derived from the respiratory portion of the primitive 
enteric tube after the atrophy of a large number of the hinder 
branchial clefts, and that therefore it corresponds to the posterior 
portion of the respiratory antechamber, which is so much ^rger in 
Amphioxus. 

In the Craniota, not only some of the peculiar relations of the 
rudimentary enteron, but also later stages in the development of this 
tube, are due to the relations of the egg to the general rudiment of 
the embryo, and to an increase in the quantity of the yolk. 

In the Selachii, the rudimentary enteron grows round the yolk, 
but it is the groove-like portion only of the general rudiment, that 
lying below the axial skeleton of the embryo, which is converted 
into the enteron ; this is gradually shut off from the rest, or yolk- 
bearing portion, which then appears as an appendage of the 
enteron, the yolk-sac. This, which is at first placed apparently 
outside the body, but which is surrounded by a continuation of the 
integumentary layer, is merely connected by a stalk with the enteron 
(external yolk-sac), and is gradually taken into the body (internal 
yolk-sac). As the yolk is gradually used up, the yolk-sac is atrophied. 
The Teleostei (and Ganoidei) are provided with a smaller quantity 
of the nutrient material for the embryo, which constitutes the yolk. 
Owing to the larger size of the yolk of the egg in Reptiles and Birds, 
there is a similar contrast between the enteric canal and the yolk- 
sac, but the latter is not covered by the integument, for the parts 
which in the Anamnia enclose it go to form the amnion, and another 
of the foetal coverings of the egg. In the Mammalia also, where the 
material of the egg is very greatly reduced in quantity, the rudi- 
mentary enteron becomes nipped off from the embryonic bladder, 
which represents the yolk-sac (Fig. 319). This arrangement may be 
deduced from a condition which was distinguished by the possession 
of a large quantity of yolk-material. The want of a large quantity of 
yolk in the Mammalia is compensated for by the development of 
the foetus within the maternal organism, and the more or less close 
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connection between tbe foetus and tbe uterus. A^ rudiment of tbe 
yolk-sac is retained as the umbilical vesicle, which is not taken 
into the body-cavity, as it is not of any use in the nutrition of the 
embryo, but is after birth separated from the young animal with 
the coverings of the egg. 

The divisions of the alimentary canal are the same as those in 
the Invertebrata ; fore-, mid-, and hind-gut. 


Fore-gut. 

§ 418 . 

The first portion of the alimentary canal proper is an exceedingly 
short piece in Amphioxus, and is placed directly in front of a 
diverticulum which is directed forwards, and is regarded as the liver. 
If we consider that the liver is always derived from the portion 
which is to be regarded as the mid-gut, and that it forms its 
anterior boundary, it follows that the fore-gut is exceedingly small 
in many of the Craniota also. This character is seen in the Oyclosto- 
mata, Chimasrss, and various Teleostei. The rest of the Craniota differ 
in this point, for their fore-gut forms a large piece, which can be 
divided into oesophagus, and stomach. In any case these parts 
appear to have been acquired by the Gnathostomata only, among the 

Vertebrata. The distribution of the 
vagus on their walls is of importance 
as bearing on their origin ; and there 
is in consequence of this distribu- 
tion reason for supposing that the 
tract in question has been developed 
from a portion which primitively 
belonged to the cephalic enteron. 
The reduction of a larger number 
of branchial clefts, and the conver- 
sion of a portion of the respiratory 
antechamber to a purely nutrient 
function, is in agreement with 
this distribution. On the other 
hand, the extension of this tract, 
and especially of the portion which 
represents the stomach, as well as 
its position in the ccelom, are due 
to the gr^t quantity of food in- 

always separated from the mid-gut 
by a fold of the enteric wall (pyloric 
valve). 

In Fishes, the oesophagus, which is very wide and provided with 
longitudinal folds of the mucous membrane, generwy passes at 


B 




Fig. 818. Digestive canal of Fishes. 

A f\t Tt C\9 

% Hid-gat. ap Appendices pyloricee. 
r Hi^-gnt. 
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once into the stomach, which can onljr be distinguished from it by 
.the differences in the characters of its mucous membrane. As a 
rule, the stomach (Fig. 313) forms a cascal sac, which is directed back- 
wards, and from which a narrow portion (pyloric tube) which bends 
forwards, can be distinguished ; this leads to the mid-gut (i). This 
is the case in all Selachii and Granotdei, and in many Teleostei, 
while the rest vary greatly in the absence, or the great development 
backwards, of the caecal sac. 

Among the Amphibia we find a lower stage in Proteus, for the 
enteric tube, which has a perfectly straight course, has no stomachal 
enlargement at all. In the other TJrodela, however, the stomach 
forms a wider portion of the enteron ; and this is the case also in the 


Anura, where the stomach is sometimes, 
indeed, placed transversely (Bufo). 

Among the Reptilia, the fore-gut is of 
a lower stage in the Ophidii and Saurii, 
owing to the greater width of the oeso- 
phagus and the straight course of the 
stomach. However, there is an arrange- 
ment in the Saurii which calls to mind 
the pyloric tube of the Selachii, and from 
this the stomach might gradually acquire 
a transverse position. In the Chelonii and 
Crocodilini the oesophagus is more sharply 
separated from the stomach, which in the 
former has a large and a small curvature, 
owing to the great elevation of the pyloric 
portion. Owing to the approximation of 
the cardiac end of the stomach to the 
pylorus, this portion is rounded in the 
Crocodile, and is also distinguished by 



a tendinous disc on each face of its rig. 314, a Fore-gnt of a 
muscular wall ; in this point it resembles Raptorial Bird (Buteo). 
the stomach of Birds. ^ 

In the fore-gut of Birds there is a ^ MnsouiL stomach, d Duode- 
greater division of labour. The influence num. 

of adaptation to the mode of life, and here 

especially to the mode of nutrition, is most clearly shown by the varia- 
tions in the different arrangements. The oesophagus, which is of the 
same length as the neck, is either of equal c^ibre along its whole 
course, or is provided with a widened portion (Fig. 314, A), or with 
a ceecal diverticulum (B), which looks like an appendage. Portions 
(i) of this kind, which are characterised by modifications of the 
glandular organs of the mucous membrane, form a crop (in^luvies). 
This is best developed in carnivorous and graminivorous Birds ; in 
the former, indeed, it generally forms a spindle-shaped enlargement, 
while in the latter it forms a unilateral diverticulum, which is dif- 


ferentiated into a C89cal appendage, in many provided with a narrow 


connecting piece. 
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The next portion of the oesophagus, which is generally narrower, 
passes into the stomach, in whi^ two divisions can be made out ; the 
first is known as the proventriculus {A B pr ) ; its walls are greatly 
thickened by a glandular layer. The second portion is characterised 
by the great development of ifcs muscular layer, the strength of 
which varies with the mode of life of the animal. Where it is 
greatly developed we may observe a tendinous disc on either 
side [A B), In the Raptores, as also in many Natatores that live on 
animal food, the muscular layer is feebly developed. It is very 
strong in the graminivorous forms (Gallinm, Anatinm, Columbee, 
Passeres). This portion, which serves for the comminution of food, 
aud compensates for the absence of masticatory organs, may be 
provided with other arrangements also which serve the same purpose; 
its inner surface may be covered by a firm homy layer, which is 
often of considerable thickness, and functions as a radula. It is 
produced by a glandular layer, the secretion of which passes into 
this firm stiff condition. 

In the Mammalia the fore-gut is more completely divided, owing 
to the sharper delimitation of the oesophagus from the stomach, than 
it is in almost any other division. In many cases the shape of the 
stomach is of a low type. In the Phocidae it retains its position 
parallel to the long axis of the body, while in other Mammals a 
position transverse to this axis is the common one. 

We must regard a number of peculiarities, which sometimes 
consist in an enlargement of the internal space, at others of a 
differentiation of the primitively single, and, as we must suppose, 
uniformly functional stomach, into several portions of different 
function, as the results of adaptation to the material of nutrition. 

The first relation is implied by the transverse position of the 
stomach, in consequence of which the great curvature gets to be 
much the larger, and, forming a swelling behind the cardiac portion, 
gives rise to the fundus of the stomach. This is absent in most 
Carnivora, but is developed in the Monotremata, Marsupialia, Ro- 
dentia, and Edentata, and is found also in most of the Primates. 

When the fundus is more largely developed the stomach may 
be divided into several portions, but this division is not unfrequently 
implied by the characters of the mucous membrane only (Equus). 
This arrangement is carried farther by the development of a trans- 
verse constriction ; thus, in many Rodents, the stomach is divided 
into a cardiac and a pyloric portion, to which smaller diverticula 
may be added on. Similar stomachs of a more complicated character 
may be seen in many Marsupials (Halmaturus), and in the Cetacea. 
The fundus is always a considerable enlargement, which, in the 
Cetacea, is succeeded by a number of diverticula, which are attached 
to the pyloric portion; these give the stomach the appearance of 
being made up of from four to seven spaces which communicate 
with one another bj connecting pieces of varying width. 

In the BumumtiB the compUcation is dne to tlie share taken by 
tie aecpbagtts, the owdiac end of wbich bnJges oot on one side and 
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fuses with the stomach, of which it forms two divisions. The first 
has the ch%racter of an enlarged fundus, and is known as the rumen 
or paunch (Pig. 315, 7) j it functions essentially as an organ for the 
reception of the large quantity of food that is ingested. Just below 
the oardia it is connected with the second division, the reticulum 
(li), which is succeeded by the psalterium (omasus ) ; this third 
portion is wanting in the Tragulidaa and Tylopoda. The last 
portion, which is formed from the pyloric part, is attached to this; 
it forms the abomasus, in ^ 
the mucous membrane of 
which the rennet glands 
are placed. A groove 
(oesophageal groove) which 
leads from the oesophagus 
into the reticulum, and is 
shut off by a valvular pro- 
cess (Fig. 315, B «) from the 
first two divisions of the 
stomach, represents that 
portion of the oesophagus 
which has entered into the 
formation of the stomach, 
and formed the first two por- 
tions of that organ by bul- 
ging out on one side. Thanks 
to its presence the food that 
has passed from the reti- 
culum into the oesophagus, 
and from thence into the mouth, can be directly returned, after it has 
been sufficiently masticated, into the psalterium and abomasus, 
while, when the groove is open, the fodder passes easily into the 
paunch and reticulum. The influence of the food in determining 
the size of the various portions may be seen from the differences 
between the paunch and the abomasus at different periods of life. 
The abomasus is relatively large in the calf, while later on the 
paunch may be as much as ten times larger than the abomasus, 
and even more than that. 



Fig. 315. Sfcomaoli of an Antelope. A From 
in front. B Opened from behind, oe CEsopha- 
gns. /Bnmen. //Reticulum. ///Psalterium. 
/V Abomasus. p Pylorus, s (Esophageal 
groove. 


Mid-gut. 

§ 419. 

The mid-gut (small intestine) which is generally separated from 
the stomach hj a circular fold, the pyloric valve, is characterised at 
its commencement by having glandular organs (liver and pancreas) 
connected with it. With regard to length it is the most variable 
portion of the enteric tube. It is straight in the Cydostomata, 
some Teleostei, and in Ohimeera. In the last it is distinguished by 
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a spiral fold, whicli is greatly developed in the Selachii, and divides 
the greater part of the mid-gut into a number of more or less 
closely applied coils (Fig. 816, 0 vs). In Oarcharias this fold has 
the form of a rolled-up sheet of paper. This spiral valve is 
retained in the Gknoldei: it is reduced to almost nothing in 
Lepidosteus. It is not present in the Teleostei. 

An enlargement may be observed at the commencement of the 
mid-gut of the Selachii ; in the Sturiones there is a large, and 
externally much diverticulated glandular organ at the same point ; 
it is divided internally into a number of spaces corresponding to the 
diverticula. In Lepidosteus the various portions are more sharply 
separated from one another, and have the appearance of groups of 
short c 80 cal tubes which beset the pyloric portion of the mid-gut, 
and, as in many Teleostei, form the appendices pyloricss (Fig. 316, 
A B op). They beset a certain portion of the mid-gut and vary in 



Fig. 816. Enteric canal of Fislies. A Of Salmo salyelinus. B Of Trachinns 
radiatnB. C Of Squatina vulgaris, oe (EsophaguB. v Stomach, dp End of 
the air-duot. p Pylorus, ap Appendices pyloric89. d Ductus choledochus. vs Spiral 
valve, i Md-gut. c Hind-gut, a Its appendage. 


number and size. They sometimes open separately into the gut, 
sometimes are united into larger trunks, and give rise to branded 
structures. They are most numerous in the Gadides and Scom- 
beroldsB. In many Fishes the different caeca are held together by 
connective tissue and united at a common efferent duct, in which 
case they have the appearance of a compact gland (Scomberoidae), 
while their affinity to the gland in the Sturgeon is implied by the 
frequent union of their orifices. 

m many Teleostei the mid-gut is much longer than the tract 
of tho coelom which is given up to it, and it is then arranged in 
coils (Fig. 816, B i), or in several ascending and descending loops. 
This implies an a^ptation to the cavity of the coelom, whilst the 
elongation of the tract, which is always derived from a straight 
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radiment^ is an adaptation to the functions required of it by the 
ingesta. 

In the Amphibia the simple condition of the mid-gut is very 
rarely permanent (Proteus). It generally forms, as it does also in 
Reptiles, a longer tube, and, consequently, a 
number of coils. (Fig. 317, i.) In the Ophidii 
these are least, in the Chelonii they are con- 
siderably, and in the Crocodilini they are still 
more developed. The mid-gut is very greatly 
elongated in the larv 80 of the anourous Amphibia, 
where this portion forms a long loop arranged 
in spiral coils. It is reduced when the mode of 
feeding is changed during the final stages of 
larval life, and this leads to an abbreviation of 
the length of the enteron. 

The length of the mid-gut in Birds also varies 
very greatly according to the characters of their 
food. It is arranged in loops, the first of which 
(duodenal loop) is the best developed, and always 
contains the pancreas. 

The mid-gut of Mammals is seen no less dis- 
tinctly to vary in length according to the kind of 
food that is eaten; so that there are different Enteric 

conditions in Carnivorous and Herbivorous forms. ^ l a® *e*r aiH’ 

The surface of the mid-gut is increased by p Commencement of 
various arrangements of its mucous membrane, fore.gut with the 

as well as by its increase in length. In the lower Stoi^h! 

groups there are coarser folds (spiral valve of i Mid-gnt. r Hind- 
the Selachii), but in the Amphibia and Reptilia giit. 

by far the most common arrangements are fine 
longitudinal folds of the mucous membrane. These obtain also in 
the Birds, but in them they generally form unequal elevations, and 
may be united by transverse lines. Fine folds arranged in zigzag 
lines are seen in the Amphibia and Reptilia, and are found also on 
the mid-gut of Birds. In Mammals, these longitudinal folds of 
the mucous membrane are commonly found in the Cetacea ; but in 
most of the other Mammalia the mucous membrane is smooth, or 
raised up into transverse folds, which are very generallj^ beset with 
villi. When the folds are feeble we find that these villi are greatly 
developed in Birds also, while when the folds are present the villi 
are merely smaller elevations. 

Hind-gut. 

§ 420 . 

The end- or hind-gut is the smallest of all in the lower 
divisions, and is merely represented by a short and somewhat wider 

2 0 
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piece (Pig, 813, r; 316, 0 c). In the Selachii it is provided with a 
special g&ndnlar appendage (Pig, 31 6^ Ox). It is only in the Amphibia 
that, owing to its greater length and width, it becomes of some im- 
portance, but in them, as in the Reptilia, it retains its straight 
course in correspondence with its shortness. In consequence of this 
straight course it has got the name of '^rectum.^^ It is generally 
separated from the mid-gut by a transverse fold or valve. Many 
Reptiles are provided with a cescal appendage, which, in the Ophidii 
is feebly, and in the Saurii is better developed. The caaca in Birds 
are much more independent. In this group, also, the hind-gut is 
short and straight (Fig. 320). The csscum is generally paired, and 
is absent in a few families only (e.g. Woodpecker, Psittacus, etc.). 
They vary greatly in the extent to which they are developed, so that 
they may form short papilliform appendages, or very long tubes 
(Apteryx, Gallinro, Anseres). 

The hind-gut is longest in the Mammalia, where it forms the 
large intestine, and is distinguished, as such, from the mid-gut, or 
smdl intestine. Owing to its greater length it is arranged in coils, 
so that the terminal portion, only, has the straight course taken by 
the hind-gut of other Vertebrata. The anterior portion ordinarily 
forms a loop which bends from the right side of the abdominal cavity 
forwards, and then to the left, and then again backwards to be 
continued into the rectum. This loop is sometimes broken up into 
secondary loops. 

At the boundary between it and the small intestine cmcal struc- 
tures are likewise developed, but these are rarely arranged in 
pairs (Fig, 318, c d), and are commonly single. The size of this 

cmcum may be shown to depend 
on the food. In the Carnivora 
it is short, and sometimes com- 
pletely absent (tJrsina, Muste- 
lina): it is very large in the 
Herbivora, where its length is 
compensated for by that of the 
colon. 

The cascum itself may be 
affected by differentiations. Its 
terminal portion is frequently 
diminished in size (e.g. in various 
Prosimifie and many Rodents) 

, (Pig. 318,c). In various Primates, 

and in Man, the termmal portion, which, at first, is as wide as the 
rest, is not developed in proportion to it; it thus becomes more and 
more distinct from the other portion, which continues to grow 
wider, until at last it forms a mere appendage to it— the appendix 
vermiformis. 

The hind-gut primitively opens into the same space as the urinary 
and generative du^s, the cloaca. This arrangement, which ob- 
tains in the Selachii, Amphibia, Reptilia, and Aves, is permanent in 



Fig. 818. CsBomn and colon of Lago- 
mjB pnsillnB. a Small intestine. 
h Opening of the larger (c), and of the 
Bmaller (d) csBonm. e f g Diyertionla of 
the colon (after Pallas). 


APPENDAGES OF THE MID-GUT OF VERTEBRATA, 663 


tlie Monotremata only, among Mammals, in the rest of which it is 
confined to the embryonic stage, and subseqnently the hind.gut 
opens to the exterior by means of an anus. 


Organs appended to the mid-gut. 

§ 421. 

Two large glandular organs, the liver and pancreas, are 
connected with the beginning of the mid-gut ; they are both dif- 
ferentiated from the walls of the rudimentary enteron. 

In Amphioxus an organ, which must be regarded as the liver, 
has the form of a cdscal tube (Fig. 303, /), which arises close to the 
commencement of the alimentary canal, and is directed forwards 
(Fig. 303,/). It is provided with an epithelial investment of a 
greenish colour. A similar condition is 
seen in the Craniota during the earliest 
stages of development, in which the rudi- 
ment of the liver has the appearance of a 
paired diverticulum (//) of the enteric 
tube, lying behind the rudimentary stomach 
(Fig. 319, c?). It is partly formed by the 
epithelial layer of the rudimentary enteron 
(endoderm), and partly by the external layer 
developed from mesoderm. As Reptiles, 

Birds, and Mammals agree in this point, 
this condition must be regarded as a funda- 
mental one, while at the same time it calls 
to mind the morphological characters of 
the hepatic organ in Amphioxus and many 
Inveriebrata (Vermes, Mollusca), 

Owing to the thickening of the splanch- 
nopleure and its large connection with the 
venous portion of the vascular system, 
together with the simultaneous thickening 
of the endoderm, relations are produced, 
which distinguish the liver of the Craniota 
from that of the Acrania, as well as from 
that of the Invertebrata. While the first 
rudiment of the liver appears as a diver- 
ticulum, the later differentiations are 
brought about by the thickening of the 
endoderm, and give rise to solid chords of 
cells which grow into the layer of mesoderm, and the vascular 
apparatus embedded in it ; these give off new buds, and are finally 
connected together in a retif orm manner. The parenchyma of the 
liver is formed by these primitively solid chords, and their secondary 
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Fig. 819. Badiment of the 
enterio canal and its ap. 
pondages in an embryo 
of the D ogf seen from the 
ventral surface, a Diver, 
ticula of the enterio tube 
towards the visceral clefts. 
b Budiment of the pharynx 
and larynx, c Of the lungs. 
d Of the stomach. / Of the 
liver, g Walls of the yolk, 
sac in connection with the 
mid-gut. h Hind.gnt (after 
Bisohofl). 
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and other processes, while they give rise to the bile-ducts by the 
formation of intercellular passages, which run in the axes of the 
epithelial chords. The hepatic lobes, which are formed on either 
side, fuse with one another into a single organ. The two primitive 
diverticula, after they have formed the bile-ducts in the parenchyma 
of the liver, and have been continued into the network of cellular 
chords, form the efferent ducts of the liver. 

The liver, which is thus differentiated from the enteron, forms 
a compact, and ordinarily, very large organ ; it is embedded in a 
fold of the peritoneum, which extends from the anterior portion of 
the enteric tube to the anterior wall of the abdomen. 


In Fishes, the liver generally forms a single, undivided mass, but 
sometimes it consists of two, or more lobes. There are two large 



Fig. 820. Enteric canal of Ardea 


portions in the Amphibia ; it is gene- 
rally simple in the Ophidii, and is 
merely notched at the margin in the 
Saurii ; in the Crocodilini and Chelonii 
it is again divided into two lobes, 
which in the latter are widely sepa- 
rated from one another, and united 
by a slender transverse bridge. Ordi- 
narily two lobes are, sometimes more, 
sometimes less, indicated in the Mam- 
malia. In the Carnivora, Rodentia, 
some Marsupialia, Simiaa, and others 
we find, indeed, multilobate forms, but 
these may bo referred to two larger 
primary lobes. 

There are various modifications in 
the character of the efferent ducts 
(ductus hepato-enterici) in relation to 
their primitively double character ; for 
either the first condition persists, or 
the two ducts are gradually fused to- 
gether, that is to say, the diverticulum 
of the enteron is converted into a 
single duct, or, lastly, the primitive 
ducts are atrophied, and secondary 
canals are converted into efferent 


oinerea. % Glsophagus and crop. 
jpv Prov’entricnlus. v Gizzard 
t/ Antrum pylori, d Duodenal 
loop, it Hid-gut. b Hind-gut. 
c Fart of the single csecnm. 
cl Cloaca and Bursa Fabricii. 
h Liver, dh Ductus hepato-en- 
tericuB. / Gall-bladder, p Pancreas. 
dp Pancreatic duct. 


ducts; in this case there is a large 
number of ducts (in the Saurii and 
Ophidii). A unilateral cmcal diverti- 
culum, the gall-bladder (Fig.320,/) 
is placed on these ducts; it has very 
various relations, and is by no means 
a constant structure. 


The pancreas is developed in the 
same way as the liver — ^from a diverticulum of the wall of the 
enteron, which is developed behind the rudiment of the liver. The 
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epithelial layer of the rudimentary enteron forms thickenings from 
which the glandular lobules and their efferent ducts are developed 
by a process of gemmation, while the pancreatic duct is derived 
from the first rudiment of the gland. This organ, which is never 
absent except in some divisions of Fishes, is always placed close to 
the commencement of the mid-gut, or close to the stomach; 
its duct is frequently united with that of the liver, or passes into 
the enteric canal in company with it. Not unfrequently there 
are two ducts (Chelonii, Orocodilini, Aves [Fig. 320], and some 
Mammalia), one of which is, as a rule, connected with the ductus 
hepato-entericus. 


Mesentery. 

§ 422. 

As the enteric canal is developed the peritoneal fold, which en- 
closes it, is developed also ; it fastens the canal to the hinder wall 
of the abdomen. This double lamella, which contains the enteron, 
forms the mesentery; that portion of it which goes to the stomach 
is known as the mesogastrium. This does not, however, merely 
enclose the stomach, like the mesentery of the greater part of the 
mid-gut, but has its two lamellae continued from the stomach into a 
double fold, which extends to the anterior wall of the abdomen, 
where it is again connected with the peritoneum of the abdominal 
wall. The liver is contained in this continuation of the meso- 
gastrium to the anterior wall of the abdomen, so that this organ has 
not only a peritoneal investment, but is also connected with the 
enteric tube (and especially the stomach and the first part of the 
mid-gut), and with the ventral wall of the coelom. As long as the 
enteric tube retains its primitively straight course the relations of the 
mesentery are simple, and peculiarities in it are only due to the 
partial absorption of large tracts, as is the case, for example, in 
Fishes. The increased size also of the liver brings about changes in 
the characters of the fold which passes from the stomach to the 
anterior wall of the abdomen ; this fold, where it forms the connection 
between the latter and the stomach, is known as the small omentum. 
That portion of it which extends to the wall of the body forms the 
suspensory ligament of the liver. Other changes are effected in it 
by its relation to the diaphragm, by the curvature of the stomach, 
and by the elongation of the mid-gut, which cause the mesentery to 
be arranged in frill-like folds. These relations are seen as early as 
Fishes ; they are still simple in the Amphibia, and in the Ophidii and 
Saurii; in the Chelonii and Orocodilini they are especially modified 
by changes in the form and position of the stomach. 

The changes of the mesogastrium are most considerable in the 
Mammalia. As the stomach alters its position this membrane grows 
out into a wide sac (bursa omentalis), which either hangd down over 



566 


COMPARATIVE ANATOMY. 


the loops of the mid-gut, as in most Mammals, or partly conceals the 
stomach (Ruminantia). 

The mesentery of the hind-gut retains its primitive characters in 
Vertebrata with a short hind-gut. When that portion of the hind- 
gut which is known as the colon increases in length, as it does in 
the Mammalia, the mesentery or mesocolon accompanies it, and is 
at the same time raised by one portion as far as the root of the 
mesogastrium so that the two arise close together. This gives rise 
to that gradual connection between the mesocolon and the posterior 
fold of the mesogastrium, which is seen in the Primates, and which 
ends with the condition seen in Man, where a portion of the colon 
(0. transversum) is enclosed in tho hinder wall of the omental sac. 
At the same time the anterior and posterior walls of the omental 
sac grow out, so that the great omentum is formed, which consists 
of four lamellm of the peritoneum. 


Pneumatic Organs of tho Enteric Tube. 

§ 423 . 

As the enteric tube is the road for everything that is taken in 
from the exterior, the water which serves in respiration as well as 
the substances that will be converted into food in the organism, so, 
too, the enteric tract may take in air, which is collected in special 
spaces which are differentiated from it, and which, therefore, repre- 
sent portions of the primitive enteric tube. This ingestion of air 
leads us to suppose that sometimes, at any rate, the animal came to 
the surface of the water; indicating a not unimportant stage 
between those in which life was passed in water exclusively, and 
those in which life was also possible out of this medium. 

The organs which are formed when air is taken in are known as 
air-bladders. It is still uncertain what is the practical use of 
these organs to the whole organism, but, as they are found in so 
many forms, they must be regarded as important parts. The arrange- 
ment of air-spaces in the body of aquatic animals must have some 
influence on the specific gravity of their bodies, so that there is 
good reason for supposing that these organs have a hydrostatic 
function. 

A great change occurs in this character when the relations of 
the circulatory system are changed. The organs have a respiratory 
function, for the air in them exchanges its gases with those in the 
blood which is brought to the wall of the organ, so that the blood 
which passes away from it is richer in oxygen. The organ, there- 
fore, becomes one of the respiratory organs, and is called the lung. 
The first point in this metamorphosis is not the change which has 
occurred in the blood-vascular system, but rather the commence- 
ment of an exchange of the gases in the blood of the walls of the 
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organ^ and the air contained in the organ itself. This must happen 
whenever the blood brought to the organ is less rich in oxygen than 
the air in the organ. The changes in the vascular system do not 
occur till this has happened. 

The pneumatic organs of the enteric tube are divided, therefore, 
into two series which are functionally very different, though morpho- 
logically homologous, and each series undergoes a large number of 
differentiations. 


a) Air-Bladder. 

§ 424. 

This organ is not found in Amphioxns, nor in the Oyclostomata. 
In some Sharks (Galeus, Mustelus, Acanthias) there is a diverticulum 
of the dorsal wall which opens into the pharynx, and which may be 
regarded as the rudiment of an air-bladder. All the Ganoldei, and 
very many of the Teleostei, have air-bladders. If we examine tho 
arrangements which obtain in the Ganordei more closely, we find 
that there is a single or paired sac, which is connected with the 
pharynx by an air- duct of varying length. This opens on to the 
upper wall of the fore-gut, and, generally, at the same point as that 
at which we find the short cascal sac in the Selachii. In Acipenser 
the opening is placed very far back, and the air-bladder is connected 
with the stomach. In Polypterus we find a paired air-bladder 
(Fig. 321, A), which opens on to the ventral wall of the oesophagus ; 
in Lepidosteus it is placed on the dorsal surface, and, though single 
externally, is divided into two longitudinal halves by the trabeculae 
which traverse it, and each of these halves is again divided into 
smaller cellular cavities by a number of processes and bars; the 
inner surface is thereby greatly increased in size. In Amia, also, 
the cellular air-bladder is divided by a fold, and is continued 
anteriorly into two short cornua. In the t^ee last-mentioned 
Ganoids the bladder opens into the enteron by a short and some- 
what narrow air-duct which leads to a longitudinal cleft. Even in 
the GanoYdei, therefore, there are great variations in the characters 
of the air-bladder, and their significance must be estimated in rela- 
tion to the fact that this division now consists of but few living 
forms. It is very significant that in the various stages of the 
air-bladder in the Ganordei all the essential arrangements are 
recognisable which are presented by this organ, either under the 
form of the air-bladder of the Teleostei, or the lung of the higher 
Vertebrata. 

In one division of the Teleostei the air-duct is persistent (Phy- 
Bostomi); in the rest it is developed for a time only, for it disappears 
again after the development of the air-bladder (Physoklisti) ; in 
many, finally, the air-bladder ceases to be developed. This last 
character is, moreover, very variable, even within the limits of 



568 


COMPARATIVE ANATOMY. 


single genera. Thus, some species of the genus Scomber dO| and 
others do not, possess an air-bladder. 

There are great variations in the mode of connection between 
the air-duct and the gut. It may open at the sides, or above, 
and in all regions of the fore-gut from the pharynx as far as the 
end of the stomach. It varies very greatly in form also. In the 
Cyprinoids it is divided transversely into two portions which lie 
one behind the other, the air-duct being given off from the hinder 
one (cf. Fig. 301, m «). In others there are lateral diverticula, 
which may become simple or branched processes (Fig. 321, B 0 a). 

The air-duct, which is 
K ^ often very narrow and 

r(-\ ^ « \ f\ jo”? “ Physostomi, 

11 I ] is ill adapted for the 

\( \J pj^ssage of air; in the 

w\ Physoklisti air cannot of 

I )/ Ml course be taken in in 

1 / l\ In the latter, 

TO "if \ 1/ therefore, the air in the 

V iil \\ \ I / air-bladder must be re- 

m Ml I if garded as secreted from 

M I \ I / bladder, 

illl a™ \ I ^bile in many Physos- 

yfflflw \ / air-duct can 

li /M \ / only serve as an occa- 

I jr \ / sional outlet for this air. 

I y In texture the walls of 

'/ ' the organs resemble those 

Fig. 821. Varions forms of air-bladders. A Of of the gut, but there 

Polypteras bichir (after J. Muller). B Of ^re at the same time a 

JobniuB lobatuB. C Of Corvma trispinoBa •, <. . ^ 

(after Cuvier and ValenoienneB). a Appendagee of number 01 Bpeciai Clll- 
tbe air-bladder, b Its orifice. ferentiations whict it is 


beyond our purpose to 
speak of here. The various adaptations of the air-bladder to other 
organs, as, for example, its connection with the auditory organs of 
many Physostomi, are difPerentiations of this kind (cf. suprd, § 100). 

In the Dipnof the air-bladder is more lung-like in character. 
Although in its external characters the organ is just like an air- 
bladder, yet there is an essential difference owing to the presence on 
it of afferent veins and efferent arteries ; and, owing to this change, 
the air-bladder is henceforward to be regarded as a respiratory 
organ. In Ceratodus, where, indeed, it only occasionally functions 
as a lung, it is formed of a single sac, which extends along the 
whole of the dorsal region of the coelom, and presents indications 
merely of longitudinal division ; in Lepidosiren and Protopterus 
it is divided into two halves. 
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b) Lungs. 
§ 425. 


As the pneumatic organ appended to, and differentiated from, 
the primitive wall of the enteron takes on its respiratory form, we 
meet with a gradual differentiation of that portion of it which cor- 
responds to the ductus pneumaticus, and which gives rise to air- 
passages. These are the means of communication between the 
lung and the pharynx, and are divided into several portions which 
take on new functions ; the most important 


of these is an organ for the production of 
voice. The lungs themselves are now paired 
organs. This paired condition, however, is 
less due to a further development of that 
division, which is indicated in many air- 
bladders, or even to the completion of such 
division, than to the development of the 
organ in a manner which is adapted to its 
position. As it is always connected with 
the ventral surface of the pharynx, it is 
easy to see how it is that an air-carrying 
organ developed from this point would 
grow out on either side. When filled 
with air the two halves must be blown 
out into a dorsal position, the result of 
which must necessarily be the formation 
of two completely separate lungs, which 
are only connected together by the ventral 
air-passage. 

We have as the first point in the diffe- 
rentiation of the trachea a short wide 



canal which connects the two lungs with 
the pharynx. A& this canal increases in 
length it develops, in its wall, cartila- 
ginous organs of support, and is divided 
into two branches, which pass to the 
lungs. A paired and an unpaired portion 
can therefore be distinguished in the air- 
passages. The supporting organs of these 
canals, which are generally very short in 
the Amphibia, are formed by two lateral 
bands of cartilage (Pig. 322, A a), which 
are continued as far as the commence- 


Fig. 322. Cartilage of the 
larynx in the Amphibia and 
Beptilia. A Of Proteus. 
B Of Salamandra. 0 Of 
Bana. D Of Python. 
a Arytmnoid caitilage. 

h Supporting cartilage, 

which in A B and 0 forms 
the skeleton of the paired 
and unpaired portions of the 
trachea; in B it is merely 
represented by the oom- 
nienoement of the unpaired 
I>ortion of the trachea (after 
Henle). 


ment of the lungs (b) (Proteus); in others 

(B) the upper ends (a) of these two pieces are separated off and 

form the groundwork of a special portion, which is henceforward 
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seen to be entrusted with the function of a vocal organ, and is 
known as the larynx. Part, therefore, is thus differentiated from 
the rest of the air-passage. The rest has very much the same 
characters in its unpaired portion, or trachea, and its paired or 
bronchial portion : the larynx varies much more considerably. In 
the Amphibia the two cartilages above mentioned, and known as 
the arytasnoid cartilages (n), form a support for the two folds which 
bound the entrance into the larynx. The change in the position of 
the cartilages, which is effected by muscles, opens and closes the 
entrance into the larynx. Functionally, therefore, they are of more 
importance than the more indifferent parts which have the character 
of supporting organs. These aryteenoid cartilages rest on the 
anterior ends of the two longitudinal ridges of cartilage, which 
in other forms are connected on the ventral surface by transverse 
processes directed towards one another, and which thereby gave 
rise in many Amphibia to an unpaired portion of the supporting 
framework of the larynx (C c). 

In the Reptilia the two longitudinal ridges are more perfectly 
connected transversely, but a low condition is implied by their 
continuous connection with the arytesnoid cartilages; and this is 
especially the case in some of the Ophidii. In others, these cartilages 
are more completely separated (D a). This character is even found in 
the Saurii, but in them the portion which carries the aryteenoid carti- 
lages is converted into a circular, and generally a closed piece. A 
second portion of the larynx may then be distinguished, which forms 
the circular cartilage, and is to be found in course of formation as 
early as the Amphibia (0 c). In the Chelonii and Orocodilini this 
is more completely separated from the tracheal skeleton, and its 
anterior portion is considerably widened out. Not unfrequently it is 
possible to make out in it indications of its connection with several 
rings of cartilage. In Birds, this circular piece is made up of one 
anterior and broader, and two posterior and more delicate portions ; 
a small piece is, further, placed on the latter and carries the 
arytaBnoid cartilages. 

Lastly, in the Mammalia the large circular piece of the Reptilia 
is divided into two portions, for the anterior upright plate forms the 
thyroid cartilage, while there is a second piece, which is circular 
and generally very massive posteriorly (cricoid cartilage), and this 
carries the arytasnoid cartilages on its posterior and more elevated 
portion. 

§ 426. 

Other parts, which serve more or less for the production of the 
voice, are connected with this laiyngeal skeleton. Of these> the folds 
of mucous membrane which are placed at the sides of the entrance 
into the larynx are worthy of note, for they are converted by tension, 
and by the development of elastic tissue into vocal chords. They 
enclose a fissure — ^the glottis, which can be altered in width owing 
to the attachment of the vocal chords to the movable arytasnoid 
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cartilages. These chords are found in most of the Anura^ in the 
Geckos and Ohamseleons among the Saurii^ and in the Crocodilini. 
They are not found in the Ophidii. 

In Birds, the vocal organ is placed in the lower portion of the 
trachea, and forms the so-called lower larynx. This arrangement 
compensates for the absence of vocal chords in the true larynx. 
Among Mammals the chords are atrophied in the Cetacea only ; in all 
essential points they present just the same arrangements as in Man. 

As the various cartilaginous pieces are differentiated from the 
primitive laryngo-tracheal muscle, muscles are separated off to move 
the portions which have become free. In the Reptilia these are 
replaced by a constrictor and a dilatator muscle, which are also 
present in a modified form in Birds. In the Mammalia, the 
musculature is complicated in comparison with the simpler arrange- 
ment found in Reptiles ; this is seen partly in the number, and partly 
in the arrangement of the muscles. They correspond in all essential 
points to what obtains in Man. 

A process which hangs over the entrance to the larynx from in 
front — the epiglottis — ^is merely indicated in the Reptilia by a process 
of the supporting cartilage ; this is sometimes of no smaU size. It 
is well developed in Birds. Many Birds, however, are provided with 
a special epiglottis, the cartilage of which is only suturally connected 
with the supporting cartilage. But these arrangements never 
succeed in completely covering the entrance into the larynx. The 
cartilage of the epiglottis is more completely separated in the 
Mammalia, where it forms a protective apparatus during the passage 
of the food over the entrance to the larynx. In the Sirenia it is 
atrophied, while in the Cetacea it is converted into a long spout-like 
piece, which unites with the similarly elongated arytsenoid cartilages 
to form a cone, which projects into the internal nares, through 
which the air passes in and out. 

In some of the Amphibia the portion of the air-passage which 
commences at the larynx is more distinctly divided into the trachea 
and its two branches, the bronchi; these pass directly into the 
walls of the pulmonary sacs. The ends of the laryngo-tracheal 
cartilages extend into these, either in the form of finer processes 
(Menobranchus, Menopoma), or as broader pieces which give off 
lateral processes (Bufo). As the transverse processes grow towards 
one another at the anterior end of these ridges (cf. Pig. 322, 0 b), 
they represent the earliest cartilaginous rings. These rings are 
developed on the trachea of the Reptilia, which is generally long, 
and either are, or are not complete. In the Ophidii and Saurii a 
remnant of the primitive arrangement is indicated by the connection 
of the rings with one another by means of longitudinal ridges. 

The trachea of Birds is always distinguished by its great length, 
and the rings, which are generally completely closed, are always more 
largely differentiated. The two bronchi have the same structure. 
We frequently meet with enlargements at various points in the 
trachea (Natatores), while in many Birds this tube does not keep to 
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a straight course. This is the case in the Penelopidas, various Swans, 
and in the Crane. In the last named a loop of the trachea is even 
enclosed in the sternum. 

The most peculiar character is the formation of a lower larynx 
(Syrinx) in the Carinatss ; as a rule this is formed by the end of the 
trachea, and by the commencement of the bronchi. The variations 

in the form of this portion are due to 
lateral compression, or to the fusion of 
several rings at the end of the trachea; 
this latter is divided by a bony ridge 
(pessulus), which rises up at the angle 
of furcation of the bronchi and forms 
the tympanum, A membrane (mem- 
brana tympaniformis interaa), is 
stretched, as if on a frame, from the 
median surface of either bronchus to 
the pessulus. The membrana tympa- 
niformis externa is stretched between 
the last tracheal and the first bronchial 
ring, or between a pair of modified 
bronchial rings. In the male Anatidm 
we find various kinds of vesicular, 
and asymmetrical enlargements of the 
tympanum. In Singing Birds, a fold, 
the membrana semilunaris, projects 
inwards. As there are vocal membranes, which are elastic folds of 
the mucous membrane, on either bronchus, a double glottis is 
marked off. The action of a special supply of muscles varies the 
tension of the vocal chords, and narrows or widens the glottides. 
Several pairs of muscles pass into the trachea, which depress it, and 
relax the vocal chords. In addition to these, the Singing Birds are 
distinguished by the possession of a muscular apparatus, formed of 
five or six pairs of muscles (Fig. 323, a—f). 

§ 427. 

In, and above the Amphibia the lungs, which commence at the 
ends of the air-passages, form the respiratory organs of the higher 
Vertebrata. They do not form the sole organ quite at once, for in 
all Amphibia there are branchiae either during the larval stage, or 
throughout life (Perennibranchiata). There is a series of similar 
differentiations in the anatomical characters of the lungs, as in the 
air-passages which lead to them. Simple sacs are gradually re- 
placed by complicated organs, the respiratory surface of which is 
continually increased by the foru^ation of smaller internal cavities. 

Among the Amphibia the lungs are exactly like those of the 
DipnoY; in the Perennibranchiata their internal cavity has its 
surface only slightly increased. In Proteus and Menobranchus 
they are formed of simple, but very long tubes, which are slightly 
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Fig. 823. Lower larynx. Muscular 
organ of voice of the Crow. 
A From the side, B From in 
front, o—/ Muscles which move 
the lower larynx, g Membrana 
tympanifoxinis interna. 
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widened out anteriorly, but always end in an enlargement. The 
plexiform processes in the walls of the lung of Oryptobranohus are 
more considerable, but they are very small in Triton. This is 
frequently the case also in the other Salamandrina, but in the 
Anura they are divided into smaller spaces by a close-set network. 
The lung is thereby enabled to expose a larger quantity of blood for 
the exchange of gas. This relation is still more complete in the 
Reptilia. Although many (mosi Saurii) have very simple lungs, yet 
in the Ophidii, as well as in the Orocodilini and Ohelonii, each lung 
is divided into a number of large cavities, which again are divided 
into smaller ones of various kinds. In the Ophidii the lungs may 
be seen to be adapted to the elongated form of body and to be 
themselves elongated ; the more or less atrophied condition of one 
lung is a similar adaptation. The elongation of the lung is accom- 
panied by a peculiarity of the last portion of the lung, which is 
generally a good deal enlarged, gets simpler in structure and loses 
its respiratory function. Similar portions, which have lost their 
respiratory function, may be seen in the Saurii. As in the Ophidii, 
the most anterior portion, or that which is above the point at 
which they are connected with the air-passages, carries a more 
closely-set meshwork, while the hinder end has its internal surface 
less largely increased. In the Ohamaeleons special csecal tubes 
are given off from this portion, and project far into the coelom. 
They are rudiments of an arrangement which has other functional 
relations in the Birds. 

In Birds conical prolongations are developed on the surface of 
the lung during the embryonic period, and these become con- 
nected with other organs and form cavities for the passage of 
air. In the adult this pneumatic apparatus is formed of mem- 
branous sacs embedded between the viscera, or of tubes which 
extend into parts of the skeleton. In the latter case air-cavities 
take the place of the medulla, which disappears, and so diminish 
permanently the specific gravity of the animal. In the same way, 
the specific gravity of the animal may be diminished at will by 
the blowing out of the sacs between the viscera, and this, like the 
other arrangement, is of assistance in flight. 

As to their minute structure, the lungs of Birds have their finest 
cavities connected with one another. The parenchyma of the lung 
is spongy. In the Mammalia the lobate arrangement is continued 
into the smallest portions of the lungs, while larger lobes may be 
made out externally. 

There are greater peculiarities in the position of the lungs. In 
the Amphibia, and in the Saurii and Ophidii, they project into the 
coelom. In the Ohelonii and Aves they are placed on the dorsal 
wall of the thorax, and are invested anteriorly by the peritoneum. 
In the Orocodilini each lung is placed in a serous sac, by which it is 
invested. The same is the case in the Mammalia, where the lungs, 
which are covered by a pleural investment, occupy the lateral halves 
of the thoracic cavity. 
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Coelom. 

§ 428 . 

In all Vertebrata, just as in many of the Invertebrata, a hollow 
space is differentiated around the enteron of the trunk; this is 
effected by the cleavage of the mesoderm. It is, therefore, a 
space which appears in the middle germinal layer, and separates the 
epithelial lining of the digestive tract and the parts developed from 
it from the organs differentiated from the outer germ-layer. The 
limitation of this process of separation to the region of the trunk 
appears to be correlated with the formation of branchial clefts in 
the cephalic enteron, for this prevents any continuation forwards of 
the cleft, at any rate laterally. As in the Invertebrata, the coelom 
forms a cavity, which is a part of the vascular system, in so far, that 
is, as the lymphatic portion is connected with it. The direct com- 
munication with the exterior which obtains in many Invertebrata 
is not completely wanting, although it is not greatly developed. It 
is represented by an abdominal pore which is placed near the 
anus, and which is generally paired ; this is seen in the Cyclostoma 
and among Gnathostoma also, in the Selachii, Chimserm, Ceratodus, 
and many Teleostei ; it is last seen in the peritoneal canals of the 
Crocodile. In the Chelonii there are merely indications of it. We 
should also note that there is a free communication between the 
coelom and the excretory apparatus, for a connection with the con- 
dition of lower organisms is thereby demonstrated (vide Excretory 
organs). 

The whole of the inner surface of the coelom is invested by a 
layer of epithelium, which is greatly developed in a certain region, 
where it forms the germinal epithelium. The female germinal 
glands are differentiated from this tract. In the anterior portion of 
the coelom of the lower divisions ciliated epithelium is distributed 
over certain regions. The epithelium of the coelom unites with a 
subjacent layer of connective tissue to form a special membrane, the 
peritoneum, which is continued on from the walls (where it forms 
the parietal layer) to the parts (viscera) which are placed in, or 
project into the coelom; and these parts it also covers (visceral 
layer). 

In the Anamnia, the coelom is a single cavity, as it is also in 
most of the Eeptilia, although in the Orocodilini we may observe 
that an anterior portion is being separated from a hinder one. In 
the Mammalia this separation is complete. The diaphragm separates 
the hinder portion of the coelom, or abdominal cavity, from an 
anterior one, which contains the two lungs, and which is divided into 
two lateral halves (pleural cavities), which contain the lungs, by a 
median wall or partition, which contains the pericardium. 
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Vascular System. 

§ 429 . 

The nutrient fluid of the Vertebrata moves along closed canals, 
which have proper walls ; it is very rarely that this tract becomes 
lacunar in character. In this point it differs from the arrangements 
which obtain in the Mollusca, though it is more nearly similar to those 
of the Vermes. Its cavities form a system of canals — a vascular 
system. This portion is derived from the mesoderm, which also 
develops the parts that carry the vessels. The chief trunks are 
placed in the middle line, and give off branches in accordance with 
the segmentation of the body j looked at in the broadest way, the 
arrangement of these vessels calls to mind many arrangements which 
obtain in the Invertebrata. This may be still more distinctly seen 
in the relations of the longitudinal trunks to the respiratory portion 
of the enteric canal. But there is a great difference when a central 
organ of circulation is developed. In the Arthropoda, Mollusca, 
and most Vermes, this is developed from a dorsal vessel, or from 
part of one, but in the Vertebrata it is formed from a ventral 
portion. The double character of the early rudiment of the heart, 
such as has been made out in the higher Vertebrata (Rabbit), 
cannot be referred to any definite vascular organ, for none of the 
kind is known to us. 

There are considerable differences between the circulatory centres 
of the nutrient fluid in the two great groups of the Vertebrata, 
so that we must separate the apparatus which obtains in Amphioxus 
from that of the Oraniota. In the former, all the larger vascular 
trunks are contractile, and so call to mind the arrangements which 
obtain in the Vermes. The contents of the vascular system are 
driven on at various points, without one centre being at all aided by 
the others. The following is a description of the arrangements of 
these vessels. Below the respiratory portion of the enteric canal there 
is a longitudinal canal, which gives off branches, at regular distances, 
to the branchial framework; these branches are branchial arteries. 
They are collected into a trunk, which is placed above the gills — the 
aorta ; and from this they are distributed through the body. At the 
root of each branchial artery there is a heart-like formation, or con- 
tractile enlargement. The most anterior pair of branchial arteries 
passes into two arches, which are likewise contractile, and which sur- 
round the mouth ; this pair is connected with the commencement 
of the aorta. From this vascular trunk arterial blood-vessels are 
distributed in the body. 

Our knowledge of the vessels, which distribute the blood, is at 
present very slight, while the afferent vessels also require to be 
more accurately investigated. It seems to be certain, however, that 
there are contractile tracts in this portion also of the vascular 
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system. In any case tlie whole apparatus agrees only generally 
with the vascular system of the Craniota, and it may he regarded 
as an expression of the great difference which there is between 
these two divisions, as shown by many other characters. 

The blood -fluid of Amphioxus is colourless, and its form-elements 
are very small, indifferent, cells, 

§ 430 . 

The Craniota possess a single organ, the heart, which effects the 
circulation of the nutrient fluid ; they are also distinguished by a 
differentiation of the circulatory vessels, which is of such a kind that 
the nutrient fluid itself may be divided into two categories. Part 
of the blood which passes through the body into the tissues, and 
which, during the circulation, filters through them, is collected into 
special tracts, and is again restored to the principal stream. This 
fluid is the lymph, and its vessels form the lymphatic system. 
The vessels which pass directly from the heart, and which lead back 
again to it, form the blood-vascular system. The lymph-vessels 
which are distributed in the wall of the enteron take up the 
formative material, or chyle, which has been formed by the process 
of digestion, and carry it into the blood-stream. They make up, 
therefore, for the loss which the blood has suffered in conse- 
quence of the metastasis which is continually taking place in its 
circulation through the body. The lymphatic system is an im- 
portant part of the whole vascular system. That system gains an 
important step by this elaboration, and, owing to its division into these 
two parts, is seen to be more highly developed than are the arrange- 
ments which obtain in the Acrania, and in all the Invertebrata. 

The separation of the nutrient fluid into blood and lymph is 
accompanied by a differentiation of the form-elements of these 
fluids. Those of the lymph are indifferent cells, which are similar 
to the blood-cells of most Invertebrata. The form-elements of the 
blood are, in their earliest stages of development, similar in cha- 
racter, but are afterwards converted into coloured corpuscles of a 
definite form, although this form is different in different divisions. 
Owing to their large quantity they give the blood the appearance of 
being coloured, as compared with the colourless lymph. 

In all points but their size the lymph-cells of the Vertebrata 
are similar to one another. The blood-cells, however, which are 
much more differentiated, differ a good deal. They are all cellular 
in character, so far as this depends on the nucleus, although, 
indeed, it is only present in Mammals during their foetal stages. 
AlS a rule, the blood-cells are flattened and discoid. In Fishes, 
Amphibia, Eeptiles, and Birds, they are oval and biconvex, 
for the centre of each surface protrudes slightly. They form 
biconcave rounded discs in the Mammalia, but in some they are 
oval (e.g. ^lopoda). In size, those of the Dipnoi and Amphibia 
(especially Proteus, Siren, etc.) are the largest. Owing to the 
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important functions of the blood-corpuscles in the economy of the 
Vertebrata, as carriers of gases, their number, size, and the surface 
which they thereby represent, is of the greatest importance. In 
the higher divisions the relative quantity of blood varies but little, 
and there is not any great difference between the relative volumes 
of the plasma and blood-corpuscles. With regard, however, to the 
distribution of the whole substance of blood-corpuscles in larger or 
smaller form-elements, there is a great difference between the cold 
and warm-blooded divisions, and, again, between the Reptilia and 
Amphibia ; from this point of view, the latter occupy a much lower 
position. 

Welckes, H., Zeitschr. f . rationelle Hed. XX. p. 290; und Arch. f. Mikrosk. YIII. 


Heart and Arterial System. 

§ 431. 

At a certain stage the heart of all Craniotais formed of a single 
tube. As it gradually gets longer than the space set apart for it, it 
is arranged in an S-shaped loop, and, so takes on the form which the 
heart has later on. As it changes its form, it is divided into two 
parts. The hinder one receives the blood and sends it to the 
anterior one, which conducts it into the vascular arches, and so into 
an arterial trunk which runs along the axial skeleton, from which it 
is distributed in the body. The first portion of the heart is called 
the auricle, the second the ventricle. A special cavity, which is 
similar to the heart when it is first formed, encloses the auricle and 
ventricle; this is the pericardial cavity, and its walls form the 
pericardium. 

We find this simple condition of the heart in Pishes. A 
ventricle and an auricle form the two chief portions. The 
latter receives blood from a sinus venosus, which is placed just 
behind it, and is only partly outside the pericardium. As a rule it 
has diverticula on either side, which grow out towards the chamber 
in front of them (auriculas). The walls of the heart vary in character 
according to their function. The wall of the auricle is provided 
with a very thin muscular layer which projects inwards in a retiform 
manner. Its only function is to drive the blood into the ventricle. 
The ventricular wall has a more important function, and is conse- 
quently provided with a powerful network of muscular bands. This 
projects inwards, and so diminishes the size of the proper cavity of 
the ventricle. But this is made up for by the connection between 
the spaces in the network of the ventricular wall and the cavity of 
the ventricle itself. There are two membranous valves at the 
ostium atrio-ventriculare (Fig. 824, o), which prevent the blood 
from returning to the auricle. There are generally as many as 
three such pouched valves at the ostium arteriosum of the ventricle. 

2 p 
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Tie meoliaiiical arrangements by wliich the stream of blood is 
directed are therefore, at first, essentially the same at both ostia of 
the ventricle. The cavity of the ventricle is 
continued into the arterial trunk which is 
given off from it, and commences by an en- 
largement (bulbus arteriosus). That part 
of the ventricle which is attached to this bulb 
has an elongated form in the Selachii and 
ChimsBrse, and in its wall the musculature 
has gained a circular arrangement. This 
portion of the heart is the conus arte- 
riosus (JB). It is marked off from the bulb 
by three pouch-like valves; behind these 
there are a number of valves in the conus 
arteriosus, which are set in longitudinal rows. 
There is a similar arrangement in aU the 
Ganolfdei. In the Teleostei it is rarely pos- 
sible to distinguish the conus arteriosus, 
Fig. 824. Heart of and, as a very general rule, there are only 
Squatina vulgaris, two valves between it and the bulbus. In 
v^trioiT * the Ceratodus there are rudiments of two rows of 
conus arteriosus is re- valves behind the four pouched valves that are 
moved. A Auricle, placed on the boundary line of the conus. In 
Llrioem oi aS Protopterus there are Wtudinal folds which 
ventrioulare. a Bran- foreshadow a division of the cone. 

ohial arteries. The atrophy of the conus arteriosus in the 

Teleostei is accompanied by a development of 
the bulb, and the smooth muscular tissue in its walls is increased in 
quantity. It thus gets the appearance of an independent portion, 
which must not be confounded with the conus arteriosus. In all 
Fishes, except the Dipnoi, the heart contains venous blood only. 

§ 432. 

The trunk of the branchial artery is placed in all Fishes below 
the branchial framework, along the arches of which it sends out its 
branches. In the earlier stages of development these pass on each 
side directly into a longitudinal vessel which runs along the base of 
the skull, and from which an artery is continued forwards to the 
head, and especially to the brain and eye (carotis iutema). Pos- 
teriorly the two longitudinal trunks (roots of the aorta) are united 
into an unpaired larger trunk — ^the aorta (cf. Fig. 325). When the 
branchial lamellse are developed on the branchial arches, a vascular 
network is gradually developed in them by the arterial arches. 
When this network is well developed the arterial arches disappear. 
Each of them is replaced by a network of capillaries, which is 
supplied by a branch of the branclual artery, and which gives off 
an artery, or branchial vein, which takes part in the formation of 
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the aorta. The blood which is brought to the gills from the 
stomach by the branchial arteries is venous blood, for it is returned 
to the heart from the systemic circulation; as it passes through 
the capillary network of the gills it again 
becomes arterial blood, and passes as such 
through the branchial veins into the aorta, 
and so to the systemic circulation. 

The number of branchial arteries given 
ofE from the arterial bulb is the same as 
that of the functionally active gills. It 
is largest in the Oyclostomata and the 
Selachii, There are five pairs in the 
G-anoldei also, while in the Osseous Fishes 
it is only during the embryonic stage that 
there is a larger number (6 or 7) of arterial 
arches. The two anterior ones belong to 
the mandibular and hyoid arches, and have 
either no relations to the gills, or the gill 
of the hyoid arches is functional for a time 
only (opercular gill). When the hinder- 
most gill, which belongs to the more or less 
rudimentary last branchial arch is atrophied, 

the arterial arches are reduced to four, and in some cases to three 
pairs. 

These branchial arteries are given off in very various ways. They 
either arise in. pairs from the 
simple primary trunk, which 
ends when it has given off 
the last pair, or they are 
given off on either side of a 
common short trunk; this is 
especially well seen in the 
posterior branchial arteries of 
the Selachii, and in various 
Ganoids and Teleostei ; or, the 
primary trunk of the bran- 
chial artery divides at its 
origin into two equal and 
lateral branches, from which 
the various branchial arteries are given off (e.g. Bdellostoma among 
the Myxinoidea). 


Fig. 825. Diagram of 
arterial arches. 1 — 5. 
a Branchial artery, a'' Aorta. 
c Carotid. 



ad Aorta, a Branchial clefts, n Nasal pit. 
8V Sinus yenosns. dc Ductus Cuvieri. 


§ 433. 

The appearance of lungs is of the greatest importance in effect- 
ing a change in these relations, for they produce great changes in 
the arrangement of the large vascular trunks b;^ taking on the 
function which was previously performed by the j^ls. This change 
affects also the structure of the heart ; the Dipnoi afford an interesting 
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kind of partition. The anride is thereby 
divided into a right and left portion, but 
there are many points by which these 
two parts communicate with one another, 
and they also open by a common opening 
into the ventricle. The venous sinus now 
opens into the right side of the auricle, and 
a pulmonary vein passes into the left side. 
The ventricle, also, is partly divided by 
muscular processes; and, in correspon- 
dence with this, the lumen of the arterial 
bulb is divided into two cavities, each 
of which gives rise to special arteries. 
These form three vessels which extend 
along the anterior branchial arches ; the 
most anterior on either side is connected 
with the second one, and unites with its 
fellow of the opposite side to form an 
aorta (ao). These two vessels have no 
relation to the gills. The third arch 
gives rise to branchial arches, but it is 
also connected by a narrow duct (6) with 
the root of the aorta, and it is continued on as the pulmonary 
artery (p). This arch forms, therefore, a branchio -pulmonary 
artery, and the two anterior arches, as they do not give off any 
branchial vessels, represent aortic arches. 

The circulatory apparatus of the Amphibia presents the same 
conditions. In most, the auricle is completely divided, but in some, 
as in Proteus, it is not so ; in Salamandra, also, there is a hole in the 
septum. The systemic veins open into the right, the pulmonary 
into the left auricle. The ventricle is single, and there are indica- 
tions merely of a partition. There are membranous pouched valves 
at the ostium atrio-ventrioulare, which have the same character 
as in Fishes. A muscular arterial bulb (Fig. 328, ha) is given off 
from the ventricle, and its separation into two parts, which we saw 
commencing in Lepidosiren, is completely effected. At first it gives 
off as many as five pairs of arterial arches, but these are reduced to 
three or four. As in Fishes, a network of branchial vessels is de- 
veloped leading from the heart. Owing to this the arterial arches 
are divided into efferent and afferent vessels; a branchial artery, 
and a branchial vein, between which is the capillary network. The 
branchial veins form the roots of the aorta. 

Each branchial artery is, however, connected with its own 
branchial vein by a ductus arteriosus, which is a portion of the 
primitive aortic arch. When the lungs are developed, the last 
branchial artery either gives off a twig to the pulmonary artery. 



Fig. 327. Aortic arches of 
Lepidosiren paradox a. 
a Trunk of the branchial 
arteries. 12 3 Arterial arches; 
the first two are united to form 
the aorta, p Pulmonary artery. 
h Ductus Botalli. hr Branchial 
clefts. b/ Accessory gill. 
ao Aorta, c Cosliac artery. 

00 (Esophagus (after Hyrtl). 
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just as in Lepidosirou, or the pulmonary artery (p) is continued on 
directly from the branchial artery. 

The disappearance of the gills 
causes certain changes in some of the 
Amphibia, in this vascular apparatus, 
which is persistent only in the 
Perennibranchiata. The direct con- 
nection (cf. Pig. 328), which already 
exists between the branchial arteries 
and veins, is developed in such a way 
that some of the arterial arches are 
continued directly from the heart into 
the roots of the aorta. The last arch, 
which already gives off the pulmonary 
artery, is developed into the trunk of 
this artery, and is either connected by 
small vessels only (ductus arteriosus) 
with the root of the aorta, or is cut 
off from it, and forms a separate 
vessel. In this way several arterial 
arches are connected with the root 
of the aorta just as in Lepidosiren, 
while ono of the primitive vascular 
arches is converted into the pulmonary 
artery. The two kinds of blood are enabled to commingle, owing 
to the arrangement of the heart, and the characters of the large 
vascular trunks. 



Fig. 32S. Heart and artorial tranks 
of a larva of Triton, a Anriole. 
V Ventricle, ha Arterial bulb. 
1 — 4 Arterial arcbes ; the first 
three are the branchial arteries, 
c Carotid, p Pulmonary artery, 
ao Aorta., vh^ Branchial veins 
(after M. Rusconi). 


BbuckEi E., Denkschr. d. Wien. Acad. I. 

§ 434. 

A great step in the differentiation of the circulatory organs is 
seen in the Reptilia, where the heart is placed at a greater distance 
from the head. It is gradually moved backwards from the point at 
which it is formed, and is embedded in the thoracic cavity ; this is 
its position in all the Amniota. The ventricular portion is generally 
elongated, but it is broad in the Chelonii (Fig. 330), and severd 
Saurii. The two auricles are always separated from one another by 
a septum, as in the Amphibia; the right one receives the systemic, 
and the left the pulmonary veins. The former is always the larger. 
The strong muscular wall of the ventricle is continued into a net- 
work which diminishes its cavity, just as in Fishes and Amphibia ; 
this is especially the case in the Ophidii, Chelonii, and Saurii. The 
ventricular partition is chiefly formed by this network, but some of 
the muscular bands are more largely developed. The right half 
of the ventricle contains venous, and the left arterial, blood, so that 
the two portions can be distinguished. The incompleteness of the 
separation of the two cavities is partly, at least, made up for 
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Ymom inaiigemeiito. For ezample^ tkere is a mwnkt piooess 
wUch is able to partly shot off the oai^ whidh giTss off the 

branchial arteries from the rest of the 

f yentricolar oavi^. The reotriole is com- 
pletely divided in the Crocodilini. 

The membranous valyes of the ostium 
^ afcrio-ventriculare are greatly developed 
in the right half of the heart. In the 
Orocodilini there is only one of these 
^ valves on the right side, and it extends 
along the septum of the ventricle; the 
other valve is replaced by a process of 
the lateral muscular wall of this chamber. 
The arterial bulb, which is single ex- 
ternally, is apparently given off from 
the right ventricle. It is, however, 
divided into a series of canals, which are 
connected with both ventricles. There 
are pouched valves at the root of the 

Of the five primitive arterial arches, 

Fig. 829. Heart and arteries the two first have disappeared, and the 

of an Ophidian (Boa), rest undergo various metamorphoses in 

^ the different divisions. In the Saurii 

c Carotid, od Eight, os Left ^ 

aortic arch, p Pulmonary the third persists on both sides, and is 
artery. connected on the right with the fourth 

arch, which, like the two branches of 
the third arch, is given off from the vessel that arises from the 
left ventricle. The left half of the fourth arch is connected with 


the third arch on its own side, and so corresponds to the right 
ventricle. The fifth arch on either side is partly converted into the 
pulmonary arteries, which primitively spring from it only, and which 
are given off from the trunk of the pulmonary artery in consequence 
of the differentation of the primitive aortic bulb. There are, there- 
fore, two aortic arches on either side, one of which, the second on 
the left, conveys venous blood. It is, however, connected peri- 
pherally with the other arches, so that the two kinds of blood must 
be mixed. In the Ophidii the first pair of arches that persists in 
the Saurii is not generally connected with the second pair, but the 
continuation of this portion is converted into the internal carotid. 
In the Chelonii the right arterial (Fig. 330, ad), and the left venous 
aortic arch {as), are connected by a ductus BotaJli with the pulmonary 
arteries, which are developed from the last pair of primitive arteries 
{pd ps). This disappears in the Crocodilini, so that in them a vessel, 
which gives off the right aortic arch and the carotids, arises from the 
left ventricle, while a left aortic arch and the pulmonary arteries 
arise from the right ventricle. The primitive connection between 
these vascular trunks is retained in the arterial bulb of the Crocodilini, 
where the foramen Fanizzm is the means of communication between 
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the arterial and yenoos tranks. The two kinds of Uood are not^ 
however, able to commingle to any gjreat extent. 

The vascular apparatus of Bir^ is very closely similar to that of 
Reptiles, and especially of the Oro- 
codihni. But there is this considerable 
advance, viz. that the arterial and venous 
blood are completely separated in the 
heart, as well as in the great arterial 
trunks. The auricles of the heart appear 
to be smaller owing to the smaller size 
of their anterior (ventral) portion. The 
musculature of the wall of the ventricle 
is greatly thickened, especially on the 
left side. The right ventricle is folded 
around the greater part of the left one. 

The atrio-ventricular valve of the right 
ventricle is formed by a muscular ridge 
(muscular valve) which projects from the 
wall of the ventricle, and surrounds the 
ostium peripherally; the second or mem- 
branous valve, which is found in the 
Crocodilini, is but seldom represented, 
even in rudiment. At the left ostium 
there is a valve which is connected with 
the wall of the ventricle by tendinous ^ 
fibres. The arterial arches are reduced in much the same way as 
in the Reptilia, especially the Ophidii and Crocodilini. But the left 
aortic arch is not permanently developed. There is, therefore, 
merely a single right aortic arch, which arises from the left ventricle. 
Two arterial trunks, art. brachiocephalicae, are given off with it ; 
these are divided into a common carotid, and a subclavian. In 
some Raptores there is a permanent remnant of a left aortic arch, 
in the form of a ligamentous chord ; this indicates the course taken 
by the vessel. The pulmonary artery, which is derived from the 
last of th^ primitive aortic arches, is consequently the only arterial 
trunk which is given off from the right ventricle. 



Pig. 830. Heart and arterial 
trunks of a Okelonian 
(Ohelydra). The letters as in 
the previous figure. 


PaiTSCH, G., Zur vergl. Anatoxnie der Amphibienherzen. 
Physiolog, 1869. 


Aroh. f. Anat. n. 


§ 435 . 

The heart of the Mammalia resembles that of the Birds in 
haring its two halves completely separated; but there is a great 
difference in its stmctorej and in the arrangement of the great 
vessels. It is in rudiment only that there is any close similarity 
between either the heart or the general arterial system, which, as in 
Birds, is derived from a number of pair^ arches. During the 
embryonic stage the two auricles communicate ; in the Marsupialia 
this is effected by a narrow slit, and in the placental Mammals by a 
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larger space (foramen ovale). Owing to tliis connection, the blood 
which passes into the right ventricle from the umbilical vein through 
the vena cava inferior, is able to pass into the left ventricle, whence 
it is distributed through the body by the aorta. In the Mono- 
delphia this opening is gradually closed by the forward growth of a 
wall, or partition, towards the left auricle (valvula foraminis ovalis) ; 
after birth, therefore, the two auricles are completely separated. 
The boundary of the primitive foramen ovale may, even later, be seen 
as a circular process. The most anterior (ventral) portion of each 
of the two auricles in the Mammalia forms a small prolongation, 
which has a different form on either side, the appendages of 
the auricles.^^ They correspond to the greater part of the auricles 
of the lower classes, for the hinder portion of the cavity of the 
auricles, on the right side, at any rate, is formed by a venous sinus, 
which in the lower forms is separated from the auricle (cf. Venous 
System). These appendages, therefore, in the Mammalia are the 
remnants of the anterior portion of the auricle. 

The atrio-ventricular valves are much altered in character. In 
the earliest stages their place is taken by membranous folds, as in 
Fishes, Amphibia, and Reptilia. The ventricles have a compara- 
tively small cavity, and their wall is formed by the same spongy 
muscular tissue as that which we have found in a well-developed con- 
dition in the above-mentioned classes. The bands gradually thicken, 
and part goes to form the more compact cardiac wall. That portion 
of this network which passes inwards and bounds the lumen of the 
ventricular cavity, and which is inserted into the edges of the 
venous ostium, is connected with these membranous valves. As 
the free edge of the valve ceases to grow, and as the only part 
which is left is that which is connected with the muscular bands, the 
valve becomes intimately connected with the wall of the ventricle, 
so that the muscular bands from the latter pass into a membrane 
which is given off from the ostium. This condition, which is 
transitory in most Mammals, is permanent in the right ventricle of 
the Monotremata (Omithorhynchus). The muscular bands which pass 
off from the wall of the ventricle are continued into a membranous 
valve. In all other Mammalia this condition is replaced by another 
one. The muscular bands are withdrawn towards the wall of the 
ventricle, and so form the musculi papillares, while their more 
anterior portion, which passes into the valve, is represented by the 
chord© tendine©. The rest of the spongy muscular network of the 
wall of the ventricle forms the trabecul© came©. The atrio-ven- 
tricular valves and the chord© tendine© are, therefore, differentia- 
tions of the primitive muscular network, which was connected 
with the primitive valves. The similar valves in the left ven- 
tricle of the Bird^s heart are formed in just the same way. The 
great arterial trunks in the Mammalia are differentiated from 
the embryonic arrangements in a somewhat different manner. The 
two first arches disaj^ear completely ; the third, as before, forms 
part of the carotid. The fourth is continuous on the right side with 
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the subclavian, while on the left it gives rise to the aortic arch, 
from which the left subclavian springs independently. The carotids 
and the right subclavian are united to the commencement of the 
aorta. In the Mammalia, therefore, the chief trunk of the arterial 
system is formed by a left aortic arch. The pulmonary artery is 
formed from the fifth arch, which is during foetal life connected 
with the aortic arch of the left side by a ductus arteriosus 
(ductus Botalli). The blood, therefore, of the superior vena cava, 
which passes into the right ventricle, is in this way kept away from 
the lungs, and is carried into the descending aorta, which till birth, 
therefore, conveys mixed blood. After birth the communication 
between the pulmonary artery and the aorta descendens disappears, 
and the connecting portion (b) of this vessel is converted into a 
chord (ligamentum Botalli). 

Sabatier, A., £tade3 ear le OGeur et la circulation centrale dans la serie dos 
vertebres. Montpellier, 1873. 


§ 436. 

In all Vertebrata the systemic arteries arise, in their earliest 
condition, from the bulbus arteriosus. In those forms that breathe 
by gills the system of arterial arches, which arises from the bulb 
(primitive aortic arches), is, as has already been remarked (§ 432), 
broken up into the vessels of the branchial circulation; and the 
system of systemic arteries is only derived from the efEerent 
branchial vessels (branchial veins). The current of blood, which at 
first is sent to the aorta through the arterial arches, is driven into 
new passages when the gills are developed, so that it is only dis- 
tributed to the body after taking a roundabout course, which is due 
to the conditions imposed by the respiratory process. 

In the Myxinoidea almost all the branchial veins unite to form a 
subvertebral aorta, which is continued backwards as the chief artery 
of the body, but which is also continued forwards as the arteria 
vertebralis impar.^^ Two lateral longitudinal trunks are collected 
from the branchial veins in just the same way, and each trunk sends 
a branch anteriorly into the arteria vertebralis impar, while its other 
branch goes to form a carotid. The two carotids divide into an 
external and an internal branch, which supply the head. In Petro- 
myzon the aorta is not continued forwards, so that the carotids, which 
are formed in just the same way as in the Myxinoidea, form the sole 
anterior arteries. In the Selachii and Ohimserm, the aorta is formed 
from a trunk which is developed on either side by the union of the 
branchial arteries. There is the same arrangement in the Ganotdei 
and Teleostei. The carotids arise from the first branchial vein, or 
from the anterior end of the paired arterial trunk, which collects the 
branchial veins on either side to form the roots of the aorta, and 
then unites with its fellow of the opposite side to form the aorta, or 
enters anteriorly into a transverse anastomosis which marks off an 
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arterial circulus cephalious at the base of the skull. A special optic 
artery is ^ven off from the vessels of the rudimentary gill, with 
which a d.irect branch of the first branchial vein (Selachii), or a 
branch of the same vessel which surrounds the body of the hyoid 
(Teleostei), is connected. There are numerous modifications in the 
mode of origin and arrangement of the different vessels, the most 
important of which are found in the carotid and optic arteries. 

This portion of the vascular system is aiTanged in a similar 
manner in the Amphibia. In the Perennibranchiata the cephalic 

arteries arise from the anterior 


f portion of the roots of the aorta ; 

in the Oaducibranchiata, from 
the first permanent aortic arch, 
or, they are continuations of the 
anterior arch itself (Fig. 331, c). 
In this case, an artery which 
goes to the tongue (Z) represents 
an external carotid. After this 
vessel is given off, there is a 
swelling (c) on the carotid trunk 
in the Frogs and in the Sala- 
manders; this is the so-called 
carotid gland. The lumen of 
the vessel is here traversed by a 
network of bands, which break 
it up into a number of narrower 
passages, just as if a capillary 
network had been intercalated 
^ ill the course of an artery. The 
f?" c»otia gW .ppe.™ lo be de- 

C Carotid gland. I Lingual artery, rived from an arrangement of 
ad Bight, as Left aorta, a Aortic trunk, this kind, the branchial vascular 

ZZSS. network not b.™,. bee. com- 
p Pulmonary artery, cut Its cutaneous pletely atropniecl. I lie next pair 
branches, occ Posterior cephalic branch, form the aortic arches {ad as), 

which converge backwards, and 
finally unite into an unpaired aortic trunk (a). Each aortic arch 
gives off a subclavian {sd ss). Just before they unite, a large 
visceral artery {m) is given off from the left aorta. The pulmonary 
arte^ represents a last aortic arch. Before it goes to the lungs {p) 
it gives off a large cutaneous branch {cut), which ramifies on the 
back and neck as far as the posterior region of the head, and affords 
a distinct proof of the respiratory function of the integument. 

In the earliest stages of the Amniota we meet with many similar 
arrangements of the arterial system. The internal carotid, which 
supplies the brain and the eye (Fig. 332, A B, c'), is seen to be a 
forward prolongation of the roots of the aorta on either side. The 


external carotid is a branch of the third primitive aortic arch. If 
this arch loses its connection with the fourth, the two carotids are 
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given off on either side of a common tmnk (0 ) . They generally appear 
as two trunks^ which pass along the sides of the neck in company 
with the vagus. In the Saurii they do not lose their connection 
with the next arterial arch, and retain, therefore, their primitive 
relations. In many Ophidii the right common carotid is atrophied^ 
and may even completely disappear. 




Fig. 332. Development of the great arterial vasonlar trunks, as seen in the embryoes, 
AOi B, Reptile (Lizard), B Of a Bird (Fowl), and C Of a Mammal (Pig). The 
two first pairs of arterial arches have disappeared in all three ; in A and B the third, 
fourth, and fifth are still persistent ; in 0 the two last are alone complete, and the 
third is no longer connected with the fourth pair. A branch (p) of the fifth forms the 
pulmonary artery. Its trunk from this point to the aorta forms the ductus Botalli. 
c Carotis externa, c' Carotis interna. In A and B this forms the anterior prolongation 
of the root of the aorta, and in 0 a common trunk with the external carotid. 
a Auricle, v Yentricle. ad Aorta desoendens. 8 Branchial clefts, m Rudiment of 
the fore-limbs, n Nasal pit (after H. Bathke). 


In Birds also tkis artery arises in company with a subclavian 
from a common trunk (art. brachiocephalica), but it leaves its 
primitive course, and lies in the middle line of the inferior surface 
of the cervical vertebraa ; on the left, however, it retains its original 
course. In others, again, the two carotids both leave their old 
course, and this leads on towards that third form, in which the 
two closely-approximated vessels are fused together. In this case 
no part of the right carotid runs by itself, but a vascular trunk 
arises on the left side, which runs in the middle line, and which 
passes to the head, under the name of the primary carotid. Many 
Birds have this character in common with the Crocodilini. A single 
carotid trunk (Fig. 329, c), which obtains in the Ophidii and various 
Saurii, must be regarded as differing from this, although it also 
passes into two cephalic arteries anteriorly. This arrangement is 
due to the approximation of the points of origin of the two carotids 
on the right aortic arch. A common arterial trunk is given off from 
the united point of origin. Another peculiarity is the presence of 
an unpaired subvertebral artery, which runs forward from the right 
aortic arch along the vertebral column (Fig. 829, ev). 
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There are various kinds of modifications in the Mammalia, which 



Fig;. 838. Heart oud great veEsels of Buteo 
vulgaris, tr Trachea, i Crop, ae Com- 
munication between the air- sacs and tho 
lungs, h Bursa Fabricii. cro Aortic arch. 
aad Art. anonyma dextra. aaa Art. anonyma 
sinistra. ps Art. pulmonalis sinistra. 
c Carotid, am Visceral artery, vci Com- 
xnencement of the inferior vena cava. 
van Vena coocygeo-mesent erica. 


are due to similar changes in 
the vascular trunk during em- 
bryonic life. Among others 
these specially afPect the ter- 
minal branches of the carotids; 
the internal carotid, as in 
various Lizards and Birds, is 
not sent to the cranial cavity 
and sensory organs only. 

The arteries of the fore- 
limbs arise from various and 
very different points, so that 
transmission appears to be of 
less importance than adapta- 
tion in the development of 
these vessels. 

The trunk of the aorta is 
continued along the vertebral 
column, without any change 
in character, as far as the por- 
tion which is set apart for the 
caudal region — caudal artery ; 
when the tail is shortened, it 
forms the median sacral artery. 
When the so-called chevron 
bones are present, the terminal 
portion of the aorta always 
lies in the canal formed by 
them. But in various Fishes 
it may be enclosed in a canal, 
formed by processes from the 
centra of the vertebrae, in the 
region of the trunk also ; this 
is the case in the Sturgeon, 
and in some Teleostei. 

The aorta gives off arteries 
(arteriae intercostales) for the 
metameres in regular succes- 
sion, as well as the vessels 
which go to the viscera, and 
also those which go to the hind- 
limbs, when these are well 
developed. In Fishes there 
is ordinarily only one large 
arterial trunk for the viscera 


(A. coeliaco-mesenterica) ; but 
in some there is a mesenteric artery also. The aorta gives off a 
larger number of arteries for the renal and generative organs. As 
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in the Amphibia, the Art. coeliaco-mesenterica arises from the end 
of the left aortic arch in the Reptilia (Saurii, Ohelonii) ; this arch 
is only connected by a narrow tract with the right one ; or there 
are several visceral arteries (some Saurii); these are especially 
numerous in the Ophidii, in consequence of the elongated form of 
their body. In the Orocodilinii, also, independent mesenteric arteries 
are given oflE from the unpaired aorta in company with the arteries 
from the left aortic arch. 

In Birds, where the left aorta disappears, the aortic trunk is the 
sole vessel from which the visceral arteries are given off. 

In Mammals the coeliao and superior mesenteric artery are the 
chief arteries of the enteric canal. In the placental forms the inferior 
mesenteric is also a large vessel. 

The large number of renal arteries found in Pishes are found also 
in the Amphibia and in most Reptiles ; in Birds also there are several 
renal arteries, the middle one being given off from the ischiac artery. 
It is very rarely that there are a number of these arteries in the 
Mammalia. 

The arteries of the hind-limbs are not direct branches of the 
posterior aorta until those parts are very largely developed. The 
two chief trunks (iliac arteries) of this region are not always the 
same. As is clear from their topographical relations to the pelvis, 
different branches may supply the area of these arteries. In the 
Sauropsida the ischiac are the chief trunks of the hinder extremities. 
In the Mammalia the chief trunks are formed by the crural artery, 
and there are numerous modifications in its more special characters 
which are of less importance. 


Venous System. 

§ 487. 

The venous system of the Vertebrata exhibits no less important 
phenomena in the various modifications that obtain in it, as we pass 
from the Fishes to the Mammalia, than does the arterial portion of 
the circulatory system. Our knowledge is in many points as yet 
incomplete. The blood which returns to the heart is, in Pishes, 
collected into four longitudinal trunks, two anterior and two 
posterior. Those of either side pass into a transverse trunk (ductus 
Cuvieri, Fig 334, dc), which opens with that of the opposite side into 
a sinus (sv) which is placed behind the auricle of the heart. The 
anterior pair, which chiefly collects the venous blood of the head, 
forms the jugular veins (j), which are placed above the branchial 
arches; the hinder pair, which receives the blood from the walls 
of the trunk and from the renal and generative organs, forms the 
cardinal veins (c) ; an uimaired caudal vein runs below the artery in 
the caudal canal ; in the Cyclostomata, Selachii, and some Teleostei, 
this divides into two branches which are continued into the cardinal 
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veins of their own side. In many Teleostei, this caudal vein is 
continued into the right cardinal by a large, and into the left 
cardinal by a smaller branch ; in this case the 
left cardinal vein is also smaller than the right 
one. This leads to the condition in which the 
whole of the caudal vein passes into the right 
cardinal ; this has been observed in a number of 
Teleosteans. 

As the caudal vein sends off branches into 
the kidneys, which either break up completely or 
partially in this organ, these branches form the 
venae renales advehentes, and send their blood 
into the cardinal veins through the venae reve- 
j,. hentes. In this way the renal portal system 

of the primftf^ developed. A second vascular apparatus of 
yenoua system, similar character has its roots on the digestive 
j Jugular, c Ordinal canal ; its venous blood is carried to the liver by 
Ou^eri. Venm ? which is known as the portal vein. It 
hepatioao. sv Sinus IS distributed in this organ, and is carried to the 
venosus. common venous sinus by hepatic veins, which 

are generally united into several trunks. 

In this arrangement of the venous system in Fishes we may 
distinguish the paired, and ordinarily symmetrical, portion from the 
unpaired portion, which is solely represented by the hepatic veins. 

We will first follow out the former in its 




changes throughout the Vertebrate series, for 
in all of them its essential characters, at any 
rate, may be observed in the early stages of 
development, as a transmitted arrangement, 
and, since it is the groundwork of the embry- 
onic venous system, it furnishes the starting- 
point for all later metamorphoses. 

§ 438. 


tion of the yenous sya- the Amphibia and IReptilia the venous 

tern of an embryonic sinus receives the two jugular veins, which 

origin as in Fishes. 

c Auricle. DO Dnotus persist in all the higher Vertebrata, 

Cuvieri, vc Cardinal while the hinder pair — the cardinal veins 

kidney. I Eudiment of ^ Wishes, durmg the earliest stages of em- 
the labyrinth (after H. bryonic life. They are the veins of the primi- 
Eathke). tive kidneys (Z7). Their anterior portion is 

obliterated, while their posterior portion re- 
ceives veins from other regions, and forms the venae renales adve- 
hentes. Even before the disappearance of that part of the cardinal 
veins which opens into the ductus Cuvieri, four other trunks are 
developed in tiae Beptilia, which chiefiy receive the intercostal veins, 
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and are known as the venea vertebrales. The anterior and posterior 
ones on either side are united, and open into the jugular vein of 
their own side. Their connection with the left jugular disappears 
later on, when the left vertebral veins develop transverse ana- 
stomoses, and become connected with the right ones, and, like them, 
open into the right jugular. 

When the cardinal veins cease to be connected with the ductus 
Cuvieri they form prolongations of the jugular veins, which receive 
the subclavians which come from the fore-limbs, and are known as 
the superior venaa cavea. The vertebral veins, which collect the 
blood from the walls of the body, are not large after the embryonic 
period, and they are generally considerably atrophied. They cease 
to have a paired arrangement (Ophidii), and the greater part of their 
area is occupied by the vena cava inferior. 

We meet with similar arrangements in the Birds. A pair of jugular 
veins, which are often unequally developed, form the chief trunks 
for the blood returned from the anterior parts of the body. At the 
base of the skull they are generally connected with one another by 
a transverse trunk, into which the veins from the cervical vertebral 
column, as well as from the head, may enter. When the left 
jugular is atrophied, this transverse trunk forms the vessel by which 
the blood is conveyed into the right jugular. The vertebral veins 
are now inconsiderable vessels. The jugulars unite with the veins 
of the anterior extremities, which form the subclavians, and the 
trunks thus formed are again known as the superior venae cavae. 
As those still receive the posterior vertebral veins, a portion is 
separated off from them, which may be seen to be derived from the 
transverse trunks (ductus Cuvieri), which are persistent in Fishes. 
These venas cavaa, however, open separately into the right auricle, 
for the sinus, which is persistent in the ReptUia, here forms a portion 
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Fig. 886. Relations of the great venous trunks on the heart. I Reptile 
(Pjthon). II Bird (Saroorhamphus). IZ7 Marsnpial (Halmaturas). IF Fig. 
They are all seen from behind. % Yena cava inferior, s Yena oava superior sinistra. 
d Yena oava superior deztra. op Pulmonary artery, a Aorta, sv Sinus venosus. 


of the auricle (Fig. 336, 1, sv). The Yertebral veins in Birds pass 
along a canal which is enclosed by the ribs, by which point they are 
seen not to be the same vessels as the cardinal veins. 





,Tha embryonic Tenons system of the Mammalia is "eompletc^' 
to that of the lower Vertebrate. T^wo jiigalar Tains (Fig. 884) 
receiTe the cardinal yeinsj and the common tranks on either side 
pass into a venous sinns^ which is connected with the auricle^ and^ 
kter on^ forms a part of the right one. Two distinct vmioas tranks 
then open into this anriclei each of which is continued into an 
anterior and larger^ and a posterior and smaller^ trank. When the 
antfrior extremities are developed^ the Babclavian veins (s) htU into 
the anterior ones (Fig. 837^ A), and the two venous tranks thus 
formed are distinguished as the superior venae cavae. 

When the system of the inferior venae cavae is developed^ the area 
of the cardinal veins is diminished^ for part of the blood which was col- 
lected by the cardinal 


B 



part of the cardinal veins, which are indicated by 
dotted lines. B The left jugular has its lower portion 
atrophied, and its area is united with that of the right 
jugular by a transverge trunk. C The left jugular vein 
has completely disappeared, with the exception of a 
rudiment on the heart, j Jugular, a Subclavian. 
cs Vena cava superior, c Cardinal vein, v Vertebral 
vein, cor CoBpnary vein, m Vena azygos. 


veins IS now carried 
to the inferior venaa 
cavse. The cardinal 
veins also undergo de- 
generation, owing to 
some of their roots 
passing into the new 
longitudinal trunks, 
which, as iu the 
Reptilia, represent the 
vertebral veins, and 
are continued into the 
end of the cardinal 
veins, which open into 
the ductus Cuvieri. 
Owing to the decrease 
in the size of their 
area, these vertebral 
veins (Fig. 337,^1 £,v) 
appear to be branches 
of the trunks derived 


from the ductus Cuvieri and the jugular veins, or superior venm cav®. 
These are found in the Monotremata, Marsupialia, many Rodentia, 
and Insectivora. In others, part of the area of the left superior cava 
(B) is handed over to the right one (cs), owing to the development 
of a transverse anastomosis; the left superior vena cava is now 
atrophied (Rodentia, Ruminantia, Solidungula). When this arrange- 
ment is complete, the greater part of the trunk of this vein disap- 
pears, and the only part that remains is the terminal portion, which 
primitively formed the left ductus Cuvieri, and which is placed 
between the left ventricle and auricle (0, cor); the cardiac veins open 
into it, and it forms the sinus of the coronary vein of the heart. In 
Man, even, a semilunar fold separates this sinus from the true 
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opening mto tiie i%1rt tame, the mte ef 

the kn superior vena cavi^ right mpemr cava is now the 
sole antoior trunk (Orincei^ OcMlVdi^ Frinnites); 

When the trunk the left superior v^ia oava is reduced^ the 
cardinal veins^ or ihe vertebral veins developed in their areui undergo 
great changes. While in the fipt case they open into the vena cava of 
their own side {A)^ and while in the second they pass separately into 
the left side of the right auricle^ owing to the development of a right 
vena cava (B) ; when the vascular passage which leads directly to the 
heart is reduced^ they become connected with the right vert^ral 
vein. The kft vertebral vein is connected with the right one by 
transverse anastomoses^ and when the connection between its upper 
end and the left superior cava is broken^ it is converteiT into a 
vena hemiazygos, while the right one, which still retains its 
primitive position, becomes the vena azygos (Fig. 339). When 
the two superior cavas persist, the two vertebral veins are not. In all 
cases, unchanged; one trunk often becomes much larger than tie 
other, which may even be so far reduced as to disappear altogether. 
In this case a vena azygos receives the intercostal veins of both 
sides ; and this sometimes opens into the left, and sometimes into 
the right superior vena cava, or even into^ the only one that is 
present, as, for example, in the Carnivora (Fig. 337, 0, az). 

In most Mammals the roots of the jugulars are formed of a 
number of veins from the external and internal cephalic regions, 
one of which conducts a part of the blood from the cranial cavity 
through the jugular foramen. It forms a small vessel only, for the 
greater part of this blood passes out in a canal (canalis temporalis), 
which is either placed between the petrosal and squamosal, or in the 
latter only. When the foramen jugulare is enlarg^, the vein, which 
in other cases is a smsdl one, increases in size, and gradually becomes 
the most important of all the vessels which come from the skuU ; in 
this case it forms, as it does in the Primates, the internal jugular 
vein. The other veins gradually unite to form the external jugular, 
which is the most important one in most Mammals. 

* * 

§ 440. 

The second large venous tract is very small in Fishes, for iu them 
it is merely represented by the hepatic veins, which are united into 
one or more trunks, and open into the common venous sinus. When 
the tract of the cardinal veins is diminished in extent, a new tract is 
formed in connection with the hepatic veins — that of the inferior 
vena cava (Amphibia). This venous trunk collects blood from the 
kidneys, and is, therefore, the vena renalis revehens (Fig. 338, A, ci). 
The blood from the hinder extremities passes into an iliac vein 
(A, i), which, in the TJrodela, receives on either side a branch of the 
divided caudal vein. It breaks up in the liver, and forms a vena 
renalis advehens. A branch of the iliac vein passes to the middle 

2 Q 



594 


COMPAEATIVE ANATOMY. 


line o£ the abdomen^ and receives veins from the so-called urinary 
bladder (A, o), after which it is united with its fellow of the opposite 
side to form a single trunk which passes to the liver^ and wnich is 
therefore connected with the portal system (a) ; this is the epigastric 
(abdominal) vein. The veins of the digestive canal and of the spleen 
are united into a portal trunk, which breaks up in the liver. 

In the Reptilia also the hepatic and the efferent renal veins form 
an inferior vena cava (B, ct)*, which opens into the common venous 
sinus below the right superior cava. But there are various modifi- 
csitions^n the different divisions of the Reptilia, and it is in the 
Saurii and Ophidii only that there is any close similarity to the 
arrangement of the venous system which obtains in the Amphibia. 
The caudal vein divides into two trunks, which receive the veins from 
the hinder extremities in the Saurii, and form the vena© renales 



Fig. 888. Posterior portion of the venous system, ii Of the Frog. P Alligator. 
C Bird. B Kidneys, c (azygos trunk) Caudal vein, c Crural. % IsoUao vein. 
V Venss vesicales. a Epigastric (abdominal) vein, m Yena ooooygeo-mesenterica. 
ra Yena renalis advehens. rr Yena renalis revehens. ci Yena cava inferior. h (in 
A and C) Vena bypogutnoa, (m B) End of the epigastno vein in the liver. 


advelientes. The veins of the vertebral column are connected with 
these. Similar arrangements obtain in the Crocodilini^ where the 
caudal vein {B, e) is also divided, but this vessel then forms a transverse 
trank which gives off the venae renales advehentes (ra). In all these 
forms the venae renales revehentes form a trunk which runs in front 
of the vertebral column, and there is a renal po]:tal system in the 
kidneys; this appears to be absent in the Chelonii only. 

Another venons tract in the Beptilia is represented by the venae 
epigastricae sive abdominales. When the allantois is developed, 
a pair of veins is developed from the vauacular network that ac- 
companies it, and this primitively opens at the same point as the 
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ends of the ductus Cuvieri (Bathke : Bing Snake). These umbilical 
veins receive veins from the abdominal wall^ and are also connected 
with the formation of the hepatic portal circulation. In the Ophidii 
this umbilical vein disappears after the veins of the abdominal wall 
which open into it have broken up into a plexus, but in the Saurii 
the terminal portion of one umbilical vein persists, and unites with 
the abdominal veins that open into it to form an epigastric vein ; this 
receives veins from the urinary bladder, and passes forwards to the 
liver. 

In the Crocodilini and Ohelonii the ends of the umbilicsI^TenoaB 
trunks persist, and form, as they are continued into the veins of the 
abdominal wall, a part of the epigastric veins. Like the single veins 
in the Amphibia and Saurii they also go to the liver, and, in the 
Crocodilini, they are connected with branches of the portal vein. In 
the Ohelonii, those of either side unite into a transverse trunk, which 
receives the various vensa intestinales, which are not, in them, united 
into a portal venous trunk. In both cases they are distributed in the 
liver, and belong therefore to the portal venous svstem. In the 
Crocodilini, as in the Ohelonii, the epigastric veins (B, a) are given 
off from the two branches of the caudal vein (c), and receive the 
crurals (c) •, they also receive the ischiac veins more anteriorly. But, 
since in the Crocodilini, the vensa renales advehentes also arise from 
the caudal vein and its connection with the ischiac vein, part of the 
venous blood from the hinder portion of the body is carried into the 
renal portal circulation, and the rest into that of the liver. But in 
the Chelonii, where there are no advehent renal veins, all the blood 
from the hinder end of the body is carried into the liver, for the 
vertebral veins, in these forms, also open into the epigastric veins. 

§ 441. 

Several of the veins which are found in the Beptilia are not 
permanent structures in Birds. The inferior vena cava (Fig. 338, 
0, Cl) is indeed still made up of two trunks from the kidneys, but 
these receive the veins of the hind-limbs (c), and might from their 
size be taken to be the continuation of these veins. Two hypo- 
gastric veins (/i) are connected with these trunks in addition to the 
vessels which arise from the kidneys. They are united by a trans- 
verse anastomosis at the root of the sacrum; this anastomosis 
receives the caudal veins (c) from behind, and gives off in front a 
vena coccygeo-mesenterica (m), which goes to the mesenteric vein. 
This vena coccygeo-mesenterica is a wide trunk in the Crocodilini 
also, where it anastomoses with the transverse trunk, which unites 
the two branches of the caudal vein; part of the venous blood 
from the tail or hinder extremities is conducted away from the renal 
portal circulation by it. 

In the Mammalia there are no indications whatever of a renal 
portal system. The umbilical and omphalo-mesenterio veins have 
the same relations as in Beptiles, though there are several variations 
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in somej e76n of the larger, trunks. The inferior vena cara (Fig* 
339 , oi}, which collects the blood from the kidnejs and generative 
glands, is developed very early ; it accompanies the muted umbilical 
veins, and, when the right one disappears, it receives the left. 
After the cardinal veins (c) disappear, the veins of the pelvis {hy) 
are connected with the end of the trunk of the vena cava, as are 
also the veins of the hinder extremities (iZ), and the caudals. At the 
time when the umbilical is the largest of the veins, the inferior cava 
appearo to be merely a branch of it. Where the umbilical vein 
enters the liver, the hepatic vessels are formed, 
while at the same time similar branches from 
the liver pass to the point where the umbilical 
unites with the vena cava inferior ; these form 
the hepatic veins. As the blood which is 
returned to the heart from the umbilical veins 
passes through the liver, that portion of them 
which lies between the afferent and efferent 
veins is atrophied, and forms the ductus 
venosus Arantii. That portion of the omphalo- 
mesenteric vein which receives the mesenteric 
veins is then converted into the trunk of the 
portal vein, while the hepatic branches of the 
umbilical form the branches of the portal vein 
after the obliteration of the ductus Arantii, 
The inferior vena cava is thus converted into 
the chief hinder trunk, into which open the 
Fig. 839. Diagram of veins of the pelvis, of the hinder extremities, 
the chief trunks of of the renal and generative organs, while the 
veins of the digestive canal and spleen form 

of Man. cs Vena cava .1 i. i ° * 

superior, s Vena sub- *he portal Vem. 
clavia. je Jugularis ex- 
terna. ji Jugularis in- t aao 

tema. az Vena azygos. • 

e^ln^^on^S°Se^^.’ The blood-vessels are ordinarily distri- 
dinal veins, ci Vena bated in the body by the gradual branching 
^va inf. h Ven» hepa- Qf the different trunks, until at last the finest 
flTena^ilia^.* %^ena branches of the arteries and veins give rise 
hypogastrioa. to the capillary system, which connects the 
* two kinds of blood-vessels with one another. 

To say nothing of the various special arrangements in certain organs, 
a somewhat different method of distribution obtains in the blood- 
vascular apparatus of several regions of the body. A vein or artery 
suddenly breaks up into a tuft of fine branches, which either do, or 
do not anastomose, and which lose themselves in the capillary 
system, or are again soon collected into one trunk. This distribution 
of the vessels h^ been long known as a rete mirabile. Its function 
is clearly to slacken the blood-current, and to increase the surface of 
the walk of the vessels, so that there must be a change in the amount 
of nutrient fluid diffused by osmosis. If from this rete a vascular 
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trank is given off similar to tke one tliat was broken np, it is cidled 
bipolar or fkmphicentric ; if the rete remains broken np^ then it is 
known as a diffuse^ unipolar^ or monocentric rete mirabile. Some- 
times arteries only-, sometimes veins only (rete mirabile simplex), 
sometimes both kinds of vessels are unitM with one another (rete 
mirabile geminum sen conjugatnm) to form the rete. 

Arterial retia are found in the pseudobranchia, in the choroid of 
the eye of Fishes, and, in very various forms, on the air-bladder. In 
Birds and Mammals, retia are not unfrequently found in the area of 
the carotids and their branches. They are very common on the limbs 
of the Mammalia (Monotremata, Edentata). In the area of the 
visceral arteries there are both arterial and venous retia ; thus, in 
the Pig, the mesenteric artery forihs an arterial rete. Arterial retia 
are very common on the terminal branches of the renal arteries, 
where they form the Malpighian glomeruli, from which, as we all 
know, another artery is given off to be distributed in the capillaries 
on the urinary tubules (cf. Fig. 343, JB). 


Lymphatic System. 

§ 443. 

The presence of a system of canals connected with the blood- 
vascular system — ^in which the nutrient fluid, which has passed out 
from the capillary portion of the haemal system, is conveyed again 
to the blood stream as lymph, after having filtered through the 
tissues — ^is an arrangement which is peculiar to the organisation 
of the Craniota. It appears to be correlated with a high develop- 
ment of the body, for it is wanting in Amphioxus, and in embryo- 
logical development it csdy begins to appear at a relatively late 
period, and not until the*" blood- vascular system has been differen- 
tiated into its arterial and venous portion, and is in full function. 
That portion of the lymphatic system which has its root on the 
digestive canal is of especial importance, for it receives the chyle, or 
nutrient material, which has been prepared from the chyme by th^ 
process of digestion, and conveys it to the blood-vessels. 

In addition to the function of conveying the lymph, this system 
of canals has yet another duty, which complicates its anatomical 
relations. The points at which the form-elements of the lymphatic 
fluid, or lymph-cells, are developed, are embedded in its vessels ; 
these lymph-cells are carried to the blood, and are gradually con- 
verted into its form-elements. 

In the lower divisions of the Vertebrata this lymphatic system 
has not much independence, for its vessels are chiefly formed of 
wide spaces, which enclose other organs, and especially arteries. The 
sheath of connective tissue of the artery also encloses the lymphatic 
vessel. The veins also may be surrounded by wide lymph-spaces ; 
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tliaSj for ezamplOj tlie abdominal vein of tbe Salamander is endosod 
in a lympbatic vessel. . 

There are, however, other vessels in the lower divisions besides 
those which accompany the blood-vessels— in the skin, or on 
portions even of the digestive canal, or other 
viscera. Peripherally, the lymphatic vessels 
anastomose largely, and form capillary net- 
works or similar spaces. These gradually give 
off wider spaces, either in the form of canals, 
or of sinuses with irregular boundaries, the 
place of which is taken, in the higher Verte- 
brata, by vessels allied in structure to veins. 

Although we may note that, as we pass 
from the lower to the higher Vertebrata, there 
is a gradual differentiation from spaces, similar 
to those of the lacunar system of the Inverte- 
brata, to a definitely developed canalicular 
system, so that the interstitial nature of the 
lymphatic ducts is well marked at the periphery 
only; nevertheless, in the coelom we have an 
arrangement which indicates the origin of the 
lymphatic vessels from a lower condition — for 
the coelom is a lymphatic cavity. In this point 
the coelom of the Vertebrata resembles closely 
that of the Invertebrata. The communications 
between the coelom and the pericardial cavity, 
which obtain in various Fishes (Sturio, Selachii), are indications of 
the same thing ; as are also the pleural cavities of the Mammalia, 
which are merely differentiations of the general coelom. 

§ 444 . 

In Pishes the chief trunks have the form of lymph- sinuses. 
There are generally two pairs of them, or one unpaired one is placed 
below the vertebral column. The unpaired trunk divides into two 
branches. Smaller sinuses, and narrower canals, form the lymphatic 
vessels which ard collected into these trunks. They are generally 
connected with the venous system at two points. A cranial lym- 
phatic sinus opens into the jugular vein of its own side, and two 
sinuses, which receive laterd trunks, are connected by a trans- 
verse anastomosis with the caudal vein near the l^t caudal 
vertebra. 

The sub vertebral lymphatic cavity of the Amphibia forms a portion 
of the system which is about the same size as a very large subcuteneous 
series of lymphatic cavities, which are present in these animals ; in 
the anourous Amphibia especially, this latter series extends over a 
large portion of the surface of the body. The lymphatic vessels of 
the digestive canal (chyle-vessels) open into it, as do those of the 
Other viscera^ while it is connected also With the lymphatics of the 



Fig. 840. Portion of the 
Aorta of a Ghelonian 
(Ghdjdra) surrounded 
by a lymphatic space, 
a Aorta, h Outer wall 
of the lymph space, 
which is removed at b' 
so as to expose the blood« 
vessel, c Trabeculae. 
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extremities. In tlie Reptilia the siibcutaneons lymphatic cavities 
are more varied and numerous, and the system is more intimately 
related to the arteries ; the lymphatic vessels are sometimes wide 
spaces (Fig. 340), which surround the arteries and are traversed by 
trabeculas ; sometimes they form plexuses which accompany these 
vessels. When their trabeculae are more largely developed, the 
lymphatic cavity is broken up into several anastomosing canals. 
The space which surrounds the aorta is broken up, in the Crocodilini 
and Ohelonii, into two trunks which surround the veins of. the 
anterior extremity ; and lymphatic vessels from the head, neck, and 
extremities open into them. The lymphatic trunks of Birds have 
the same characters, but, in them, both the large trunk in front of 
the aorta (thoracic duct), and the small vessels are more inde- 
pendent. As in the Reptilia, the thoracic duct opens into the 
superior venae cavae (venae brachiocephalicae). At the commence- 
ment of the tail the lymphatic system is also connected with the 
ischiac veins, or with the afferent renals, in which point they 
resemble the Amphibia and Reptilia. 

In the Mammalia the walls of the lymphatic system are still 
more differentiated, although it often happens that in them also the 
sheath of the arteries bounds the course of part of the lymphatic 
current. Where they do not accompany the blood-vessels they 
form frecment anastomoses, or wide-meshed plexuses, and are dis- 
tinguished by valves, as are the same parts in Birds. The lymphatic 
vessels of the hinder extremities, as well as the chyle-ducts, unite 
into a chief trunk in the abdomen, which is rarely paired, and the 
origin of which is frequently distinguished by a considerable enlarge- 
ment (cistema chyli) . Thence they are continued into a thoracic duct, 
which opens into the commencement of the left 
brachio-cephalic vein; the trunks of the lym- 
phatics of the anterior parts of the body (of the 
head and anterior extremities), and of the wall 
of the thorax, open into, and on either side of 
the same vein. 

The lymphatic trunks are generally widened 
out near their opening into the veins, and the 
wall of these enlargements is distinguished by 
its muscular investment; it executes rhythmic 
contractions. These arrangements are known as 
lymphatic hearts. They have been occa- 
sionally observed on the caudal sinus of Pishes, tomosing tranaverse 
but they are more accurately known in the Am- ^ Latei^ 

phibift (Ranidse) and Reptilia (Ohelonii) j in the 
former they are found on both the anterior and d. Of Silurua 
posterior openings into the veins, but in the glanis (afterHyrti). 
urodelous Amphibia and in the Reptilia only the 
posterior lymphatic hearts have been made out. These latter are 
found also in the Ratitas (Struthio, Casuarius), and some Natatores, 
but in other Birds they have no muscular investment, and form mere 
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Teaiciil^ finlaxgemeiita. Finally^ in tlie Mammalia such stmctureB 
do not aeem to be developed. 

§ 445 . 

The apparatuses that produce the lymph-cells are simple in 
Pishes, where they are placed in the course of the various lymphatics ; 
the cells are produced in the meshes of reticular connective tissue. 
Where more larffely developed, this arrangement gives rise to local 
enlaj^ements, which accompany the arteries, in consequence of the 
relation between these vessels and the lymphatics. This arrangement 
obtains even in the higher Vertebrata, although the cells are not 
always developed in the sheaths of the arteries. Follicular enlarge- 
ments are formed beneath the mucous membrane of the enteric canal, 
the lymphatics of which are connected with these cell-forming 
regions. They are either scattered, or variously grouped together 
(closed glandular follicles). At the commencement of the wall of 
the enteron these structures form the tonsils already mentioned ; in 
different parts of the mucous membrane of the mid-gut they are 
placed closer to one another, and form the so-called Peyerian 
Glands, which are present in the Reptilia, but are only found to 
any great extent in the Mammalia. 

When a number of these lymphatic follicles are united together 
they form larger structures, lymphatic glands, which are also 
placed on the course of the lymphatic vessels. In Fishes, Amphibia, 
and Beptilia there are not, so far as we know, any true lymphatic 
glands. In Birds, also, they seem to be confined to the neck ; it is 
in the Mammalia only that they are generally present, and in them 
they are found in other parts of the body, as well as in the chyliferous 
portion of the lymphatic system of the mesentery. In some 
Mammas (e.g. Phoca, Canis, Delphinus) the mesenteric glands are 
united into a single mass, the so-called pancreas Aselli. 

The Spleen is also one of the organs that form lymph-cells; 
in its histological structure it only differs from the lymphatic glands 
by the fact that the cells formed in it pass directly into the blood- 
vessels. Essentially it is formed of a fine lacunar system inter- 
posed between the efferent and afferent blood-vessels; this forms 
the greater part of the so-called parenchyma of the spleen. 

The spleen is found in all Vertebrata save Amphioxus, and is 
always placed in the region of the stomach, and generally close to 
the fundus. It forms an elongated or rounded organ of a dark- 
red colour, which is sometimes, as in various Selachii, broken up 
into a nuniber of smaller lobules, some of which are, in other cases, 
converted into secondary spleens. 

§ 446 . 

4.1. ^ organ which is very generally present, and which resembles 
the lymphatic glands in various points of structure, cannot be 
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passed orer^ {dthouj^R its rdations to the lymphatio system are still 
very uncertain ; this is the thymus. This is an orgw which is also 
made up of glandular follicles^ and which is divided into larger and 
smaller lobes j its smallest yesicles are filled with cells. In the 
Selachii this organ is placed on the branchial sacs^ and^between them 
and the dorsal muscles. In the Sturgeon^ and some Teleostei^ the 
similar follicles that are found on the superior hinder boundary of 
the branchial cavity are regarded as the same organ. In the 
Amphibia the thymus is a small swellings placed behind the angle of 
the lower jaw. It has the same characters in the Reptilia. In the 
Ophidii and Ohelonii it is placed on the carotid, and above the heart. 
In the Crocodilini, as in Birds (Pig. 312, th), it extends from the 
pericardium to the lower jaw. The lower portion is the larger in 
the Mammalia, so that it rarely passes beyond the thoracic cavity. 
In all cases it is best developed in early life, after which it undergoes 
atrophy, and it is very rarely that it retains its earlier size in the 
adult stage (Pinnipedia). ____ 

In the higher divisions of the Vertebra ta there is an organ which 
lies in front of the kidneys and on either side of the body ; it is con- 
sequently called the supra-renal gland, but we have no information 
at all as to its function. In the Anamnia these structures are re- 
placed by the investment of the sympathetic ganglia by means of a 
cortical layer made up of cell-containing tubes ; these form yellowish 
or whitish bodies, and are scattered over a larger portion of the 
body, whereas in the Amniota they form a mass on either side, 
while nerve-elements can be made out in their medullary substance. 
The relatively large size of this organ during foetal life is a note- 
worthy point. The function of these organs cannot be regarded as 
at all definitely known ; nor are we aided in our inquiry by classing 
it as one of the blood -vascular glands — a term which is altogether 
obscure, and consequently objectionable. 


Excretory Organs. 

§ 447. 

The arrangements which are found subserving the purpose of 
excretory organs among the Invertebrata obtain also, in their most 
essential relations, in the Vertebrata, and are therefore indications 
of the affinity between the vertebrate phylum and lower forms, which 
in other morphological details are very remote. Organs of this 
kind have as yet been vainly sought for in Amphioxus ; but in all 
the Oraniota they are found to exist, and to be formed on the same 
type. The type has been obliterated by gradual differentiation, 
but it is revealed by the study of individual development. The 
simplest stage is represented \>j a canal which runs in the dorsal 
wall of the coelom, and opens to the exterior posteriorly, and in the 
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region of tlie anns^ while anteriorly it opens into the coelom by an 
internal orifice. Although it is clear that this arrangement has much 
in common with the excretory organs of the Vermes, yet the pecu- 
liarity must not be overlooked, that although the vertebrate body is a 
metameric one, this archinephric duct is not a metamerised organ; 
it is not therefore completely homologous with the metameric looped 
canals of the Annulate Vermes. It must consequently be derived 
from a still lower condition, that is, from one in which the organism 
was not divided into metameres ; so that it represents, as does also 
the unsegmented chorda dorsalis, one of the, phylogenetically, oldest 
organs of the Vertebrate body. 

This archinephric duct has been observed to be derived from the 
mesoderm ; in its rudimentary condition 
it has the form of a solid chord of cells, 
or is differentiated as a groove from 
the epithelium of the peritoneal cavity 
(Teleostei). The rudiments of the canals 
(Fig. 342, t) are derived from the same 
parts ; these, either permanently, or for 
a time only, open by an infundibular 
orifice into the abdominal cavity, while 
they are also connected with the archi- 
nephric duct (Selachii, Amphibia). They 
develop coiled glands on their course, 
and so form the secreting portion of the 
primitive kidneys. At definite points 
a coil of arterial vessels (glomerulus) 
pushes its way into a dilatation of these 
metamerically arranged canals, and gives 
rise to a Malpighian body, lying in a cap- 
sular enlargement. This last arrangement 
obtains in all forms of the renal organ. 
Fig. 842. Section of an Embryo however much it may be modified in 

nlpMo* die"”* Eutoie^f'a members of the vertebrate group. 

fiinnel-sliapedorgan.dEnteron. The fundamental form of this pnmi- 
m MeduUiiy tube, ch Noto- tive kidney must be regarded as being a 
chord, a Aorta, v Veins. longitudinal canal, which receives trans- 
verse canaliculi, which open by ciliated 
infundibula into the abdominal cavity ; this is the form which the 
rudimentary apparatus really has in the Selachii. The connection 
with the coelom, the epithelial investment of which always gives 
rise to a large portion of this system, allows us to compare it with 
the excretory organs of many Vermes, and points to those distant 
forms in which these organs are the sole cavitary organs that are 
developed from the mesoderm (Platyhelminthes). The metameric 
arrangement of the open transverse canals is due to the general 
metamerism of the vertebrate organism. It must not, therefore, be 
regarded as the same as that of the looped canals of the Annelids, or 
even as derived from it, for those canals open to the exterior on the 
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surface of the metameres themselves 145), and not into a longitu- 
dinal canal. This canal is the part which, by being the first part to 
appear in the Vertebrata, defines the type of the whole apparatus. 

But, just as in a large number of Invertebrata the excretory 
organs partly lose their function, and serve as efEerent ducts for the 
generative products, so too among the Vertebrata do we meet witk 
a process of this kind, by which great changes are effected in the 
primitive excretory apparatus. It loses, and that often very early 
in life, its primitive arrangement. And when this is not seen in the 
embryo, it must be regarded as due to ^ 

new, acquired, relations. I ^ 

^ ) 

In the Cyclostomata, Teleostei, and / 

Amphibia, a special portion of the primi- \ [ 

tive kidney appears at the most anterior \ V 

end of the archinephric duct, which de- K ^ I \ 

serves especial mention, as it does not ) 

only appear earlier than the rest of the S / 

primitive kidney, but is generally sepa- j 

rated by some distance from it. This \ 

portion is made up of a small number \ 

of canaliculi, which commence by ciliated \ 

infundibula, and are generally set in a / » / 

coil. There may be only one canaliculus. /vj f vj 

A Malpighian body may sometimes be /||/ y 1 

observed on the canaliculi. In the liW 

Amphibia this pronephron undergoes 

atrophy, while in the Amniota it does \|| ^ 
not seem to be even rudimentarily de- U! ^ jEfii 

veloped. It persists, however, in the Ijr [ 1 mul* j 

Oyclostomata, where it is provided with tty 
a tuft of ciliated infundibula, which ” 

project into the abdominal cavity. Ill j 

Among the Oyclostomata the primi- ^ ‘ 

tive kidney is seen at its simplest in J'/g* 843. A Portion of the 

o4*o, jA. jd, a) gives oil snort transverse canaliculi. c Terminal capsule, 
canaliculi at various points (6) ; the B Portion of the same more 
blind end of which (c) is constricted off, Wghly magnified, oe A. before, 

and encloses a glomerulus (B). The ^ Afferent, e Efferent artery 
transverse canahculi form the secretory (after J. Miiller). 


Fig. 848. A Portion of the 
ki^ey of Bdellostoma. 
a Urinary duct, h Urinary 
canaliculi. c Terminal capsule. 
B Portion of the same more 
highly magnified, a c As before. 
In c there is a glomerulus. 
d Afferent, e Efferent artery 
(after J. Hfiller). 


apparatus (urinary canaliculi) ; the archi- 
nephric duct is the collecting tube, and functions as the ureter. 
In the Myxinoidea and Petromyzontes, the kidneys, which are set 
along the posterior third of the ccelom, are larger, but the urinary 
cantdiculi have exactly the same relations. In both forms the 
ureter takes a lateral course to the abdominal pore; but in the 
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Petromyzontes it is first connected witli the one on the opposite 
side^ to form an unpaired and wider portion. We do not yet know 
its relation to the metameric ciliated infundibula. 

In the Selachii the primitive arrangement is limited to the early 
stages of development. The primitive kidney extends along the 
dorsal wall of the coelom, and is made up of separate canaliculi, 
which commence by ciliated infundibula (Fig. 344, i), which open 

into the abdominal cavity. Each canal, 
I / / after having broken up so as to en- 

, close a glomerulus (m), is continued 

I archinepliric duct. These 

u canals increase in length, so that each 

^ of them forms a coiled lobule (r) ; each 

i kidney, therefore, is composed of a 

series of these coils, which are col- 
\S23J lected together into ther archinephric 
I /7 _ duct (w). This duct opens into the 

cloaca. Changes may occur in the 
^ glandular portion of these kidneys, as 

well as in their efferent ducts. The 
anterior portion, which is made up of 
^ a number of lobules, does not undergo 
/• any very great development, as does 
^ part of the hinder portion. This, 

' which is made up of a varying, but 

large number of primitive lobules 
(13-14 in Acanthias), is converted 
into a larger organ, the canaliculi in 
which may be seen to increase in 
number by budding off new ones. 
Fig. 3^. Portion of the kidney This portion retains its renal function, 

wM, the Mterior part i. .Irophied, 
pighian body, r Benal lobtdes. and, in the male, enters into con- 
u Archinephric duct. nection with the generative gland. 

The ciliated funnels (nephrostomata) 
are retained in some Sharks only ; they disappear in all the Bays, 
and many of the Sharks. Where they are retained they are reduced 
in number. 

Of the changes which obtain in the primary archinephric duct 
the most impor^nt is its division into two parts. This commences 
at its anterior end, and extends backwards, so that there come to be 
two canals. One commences at the anterior abdominal orifice of 
the primary duct, and has no further relations to the kidney. This 
is the Mullerian duct. The other canal retains its connection 
with the primitive kidney, and forms the secondary archinephric 
duct. But even this portion may undergo certain changes, inasmuch 
as in the male it is converted into the seminal duct. The efferent 
ducts from the posterior portion of the kidney are then collected 
into a common ureter, which opens into the sinus urogenitalis, into 
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wliicli, however, several ureters may open separately. In the 
females, also, the efferent ducts from the anterior and aborted 
portion of the primitive kidney are connected with the ureter. 

In the Qanolfdei and Teleostei the kidneys have the same posi- 
tion. The primitive kidney appears to be considerably increased in 
size, while the efferent ducts are not so completely differentiated as 
in the Selachii, where they were the cause of much complication ; in 
the Ganoldei, however, the presence of a nephrostome, with a wide 
abdominal orifice on the efferent duct, speaks to the commencement 
of the process by which the Mullerian duct 
is differentiated; the ureter, therefore, no 
longer corresponds to the archinephric duct. 

lu the Teleostei the secondary portion 
of the gland first appears on the anterior 
division of the archinephric duct, and 
forms that portion which, in many, extends 
as far as the head (head-kidney). The 
hinder portion, which is developed later, 
becomes connected with this. The whole 
forms a compact glandular organ, which is 
covered by the peritoneum, and extends 
along the vertebral column; it varies in 
size in different regions. Its differentiation 
into lobes is generally implied by the 
greater development of certain regions. 

The efferent ducts (Fig, 345, u) either pass 
along the anterior surface, or more to the 
sides ; they generally unite into an unpaired 
portion, which opens behind, or below the 
generative orifice. The ducts are widened 
at different points, either in the common, 
or in the separate portions; these struc- pig. 846 . Kidneys of Salmo 
tures function as urinary bladders,” but fario. EKidneys. tiUreter. 
they have no morphological connection ^ Vesicular enlargement, 
^th the urinary bladder of the higher 

Vertebrata. Ouyieri. « Vena Bubolavia 

The renal organs of the Amphibia have (a^ter Hyrtl). 

many points in common with those of the 

Selachii. The rudimentary ducts are always provided with func- 
tionally active nephrostomata. The primary ureters form lobules 
by becoming arranged in coils. In the Coecilim they are all of 
much the same size, but in the IJrodela and Anura the hinder ones 
are increased in size and number, so that this portion becomes 
much larger than the anterior part. The nephrostomata, also, are 
greatly increased in number in this region, and are persistent. 
In the Urodela the anterior portion of the kidneys receives the 
efferent ducts of the testes, while in the Ooecilim and Anura 
different pai*ts of the kidneys are connected with these organs. 
The primary archinephric duct is differentiated so as to give rise 
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.to • ft mooaSarf axohmvplaio duet (1%. 848). 

Uttoft ^ fliermt dnoi of tifo kidii^« or imtor, to ifa« 

and lemale Aaora, wMIe to mlw cd janj 
file rauBftiy ftr^nepliito d»^ a^MUi to rrtato ito 
(^n todepeadem% toto theotoaea. 


Xfiucki, Dm Drogenititayatom der C^lottomn. 3m. 2eUmi^. IX.— 
fiunm, 0 ., Dm UiogBiiitalmteM dar PtagioataMii. ditoftan am dm 
■ocL Institat n Wfliabnig, XL— SnmiL, 3. W., Dm DH«Witali7atem der 
Ampliibieii* IIL 


[Balioue, F. K., a Monograph of the Developxnent of the Blaemofanaoh Fiehei, 
London, 1878.] 


§ 449. 

The primitiye kidney is likewise developed in the Anmiota. 
For some time in development it eid^ends thi^ugh the coelom^ and 

projects into it from the dorsal 
wall of this ciavity. The archi- 
nephric duct is again (Pig. 346, wgf) 
the first part ip be developed. 
The urinary canaliculi (u), which 
form the glandular portion of the 
organ, open into it. 

The hinder portion of the 
primitive kidney, which has 
always the same function, is well 
developed even in the Selachii, 
but still more so in some of the 
Amphibia; this is effected by 
the increase in the number of 
the urinary canals, and by the 
formation of special efferent 
ducts. These processes indicate 
prophetically the relations of 
these parts in the Amniota. In 
the Reptilia the additional por- 
tion of the urinary canals is 
directly connected with the 
hinder portion of the primitive 
kidney (Lacerta), but it is not 
connected with it to form the same, but a new organ — ^the per- 
manent kidney. For a long time it is present in company with 
the piumitive kidney, but it has its own ducts (ureters), and it takes 
on the function of the primitive kidney, in proportion as the latter 
is atrophied, or converted to the purposes of the generative system. 
In BiMs the rudiment of the permanent kidney appears to be 
formed independently; and this is still more the case in the Mam- 
malia. We see, therefore, that the so-called permanent kidney of 
the Amniota is at first an organ which is connected with and forms 
part of the primitive kidney, and that it is gradually separated from 



Fig. 846. Section throngli the embyro 
of a Bird (Fowl). A Amniotio cavity. 
am Amnion, ch Notochord, a Aorta. 
V Cardinal veins, u Primitive Iddney. 
ug Archinephrio duct. e Germinal 
epithelinm. P Plenroperitoneal cavity 
D Enteric groove. 
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it both in is^ace time* No rudiment oi the nej^hrostomata ha# 
been obs^edi nosP ia the ardiinephrio dnot divided a# in the 
Anamnia; the Mnllmiein dtiol has a ai^mate mdimmit. 

The ki^^s Of Bepti^ and Bima somewhat resemble those* 
Fishes in their size alndpositimi* plao^iar back close to 

the doacaj in the Snakes only are they placed fmthmr forwards^ wUle 
at the same time they are longer. They va^ very greatly in form, in 
consequence of the development of lobes. In Birds they are placed in 
depressions between the transverse processes of the sacral vertebrm, 
and are generally divided into three portions, which are sometimes 
connected with one another, and wmch may vary greatly in size. 
The ureters (Fig. 349, u) are generally placed on the inner edge of 
the kidnOT, and receive at various points larger urinary canals 
(Ophidii, Ghelonii); or these canals are enclosed in the parenchjrma of 
the kidney, and do not leave the prgan except at its termination 
(Saurii, Crocodilini). In Birds a large part of the canal is outside 
the kidney. In all oases they open separately into the cloaca, or 
into a sinus urogenitalis, into which the genital ducts also open. 

The kidneys of the Mammalia vary in several points, and espe- 
cially as to the '■characters of the orifice of the ureters, after the 
difEerentiation of the rudiment which is known as the renal 
canal.^^ 

The kidneys, which are developed at the blind end of the 
urinary canal, are, after they are differentiated, placed behind 
the primitive kidneys. At first they appear to have a smooth 
surface, which becomes uneven when the glandular parenchyma is 
developed into separate lobes. In either lobe the urinary canaliouli 
are united together at a papilliform process, with which the common 
efferent duct of the lobe is connected. It forms the pyramid, and a 
number of these unite to form the pelvis of the kidney, from which 
the ureter is given off. The permanently distinct lobes are very 
numerous (about 200) in the Cetacea. There is a smaller number 
in the Pinnipedia. In many Carnivora, also, the lobes are separate 
(Ursus, Lutra), while in others they are fused. This gives a 
knobbed appearance to the surface of the kidney (e.g. in Hyasna, 
Bos, Elephas). In others there is a condition of this kind for some 
time, but when the cortical substance of the lobes is completely 
fused, the surface of the kidney becomes smooth, although the 
grooves that remain indicate its primitive division into lobes. 
Within the organs, however, the division is more or less completely 
retained, and the number of primitive lobes is implied by the 
greater or less extent to which the papillae are fused together. 
This fusion, further, may affect some, or all the lobes, so that the 
number of renal papillae may be much reduced; at last, indeed, 
they may all unite into one (Marsupialia, Edentata, Bodentia, several 
Carnivora and Primates). 

The ureters formed from the renal canals, after they are 
separated, from the archinephric duct, primitively pass into that 
portion of the allantois which runs in the abdominal cavity of 
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the embryo, and is connected with the primitive cavity of the 
pelvic portion of the enteron (urachus). This is gradually con- 
verted into a fusiform widened organ — the urinary bladder, 
while the continuation of the urachus into the umbilicus, and from 
thence into the umbilical chord, is obliterated. The former portion 
forms the ligamentum vesico-umbilicale medium. The primitive 
(fusiform) form of the urinary bladder is retained in some Mammals 
(Seals), while in others it is gradually modified, and with these 
modifications there are correlated differences in the way in which 
the ureters open. Thus in many Rodents they open high up on 
the posterior wall of the bladder (Fig. 354, 0, u). 

The other characters of the efferent ducts are common to them 
and the generative apparatus, with which, therefore, they will be 
treated. 


Generative Organs. 

§ 450. 

In the Vertebrata, the reproductive organs are shared by 
different individuals ; the separation of the sexes is the rule, 
although there are various exceptions to it in the class Pisces. 
In the higher divisions also there are various arrangements which 
are indications of hermaphroditism. But it seems to me that the 
point which is of real importance in this matter is the repro- 
ductive material, and that the characters of the efferent ducts are 
of no importance, for they were not primitively part of the gene- 
rative apparatus. 

Our knowledge of the earliest development of the male generative 
matter is not quite definite, but we know certainly that the female 
elements are derived from the epithelial layer which invests the 
abdominal cavity. In this there are points of likeness between 
the Vertebrata, and the Vermes among the Invertebrata. In 
Amphioxus follicular structures, covered by a layer of epithelium, 
and forming diverticula of it, are developed at various points in 
the coelom, or in the cavities connected with it ; these structures 
are the germ-glands. The ova are formed in them, between 
indifferent and flattened cells, which form the stroma of the organ. 
In this character Amphioxus is very different to the Craniota, where 
the germ-glands are always developed at a sharply defined and 
lees extensive region. The epithelial investment of the abdominal 
cavity retains its primitive chaoracter along a tract which- corre- 
sponds to the rudiment of the primitive ki(£iey longer than it does 
in other regions ; and this epithelial layer may be distinguished as 
the germinal epithelium (Fig. 846, -e). At the side of the 
mesentery in this region there is an elevation of varying length, 
which is formed by a thickening of the connective tissue — the 
genital ridge. The epithelium dips into this, and forms the rudi- 
ments of the ova. Of a group of cells which grows inwards, one 
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cell becomes an egg, white the rest form a cellular layer around it— 
the follicular epithelium^ which unites with the surrounding con^ 
neotive tissue to form the ovarian follicle. Each invagination of the 
germinal epithelium either forms a single follicle, as in the Anamnia 
(Selachii), or these groups of cells grow out and form the rudiments 
of a number of follicles^ as in the Craniota. 

The cells of the ovarian follicle that are set around the egg 
generally remain indifferent^ and aid in the nutrition of the egg as 
well as in the formation of the yolk-sac, which surrounds it. The 
egg itself, and the cells of the follicle which surround it, undergo 
more or less considerable modifications. When the egg and the 
follicle increase equally in size, the follicle-cells form a simple epi- 
thelial layer, as in Fishes, Amphibia, Eeptiles, and Birds. But in 
the Mammalia they multiply white the egg-cell remains relatively 
small, and for a long time they fill up by far the greater part of the 
follicle. As this follicle grows a cavity is gradually formed in its 
interior which is filled with fluid; this causes the cellular layer of 
the follicle to be extended around its wall (membrana granulosa), 
while at one point, which is somewhat thickened, it encloses the egg. 

The changes which obtain in the egg-cell relate to the yolk, 
and they are accompanied by an increase in the size of the egg. 
This may be seen in the Teleostei, where the granules of the yolk 
often undergo great metamoiyhoses. The same happens to the eggs 
of the Amphibia. In the Selachii, Reptilia, and Aves the yolk- 
granules are greatly increased in number, and are specially differ- 
entiated. Owing to the number present the ripe egg is of a 
considerable size. 

The region invested by the germinal epithelium is the point 
at which the male germ -glands are also developed, but it 
seems that this epithelium does not take any direct share in the 
formation of the testes. The earliest differentiation of the glandular 
tubes (seminal canals), which make. up the testes, has not yet been 
observed; the view that they are formed from a portion of the 
primitive kidneys is beset by the difiSculty of their having no 
relationship of any kind with these organs. 

The form-elements of the sperm are developed by the dif- 
ferentiation of the epithelium of the seminal canals. In all Verte- 
brata these are movable filaments which are given off from a thicker 
portion of varying form — ^the so-called head. This head is dis- 
coidal or elliptical, as in many Mammals and Fishes, or elongated, 
as in the Selachii, Amphibia, and Aves. In the latter it is fre- 
quently coiled in a corkscrew fashion. The seminal filament of 
some Amphibia (S alamandrina and Toads) is distinguished by an 
undulating membrane. 

§ 451 . 

The germ-glands are developed from the structures known 
as genital ridges. Sometimes more and sometimes less of this ridge 
is converted into the ovary or testis. The simplest condiiuon is seen 
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in the Oyclostomata. The ovaries of the Petromyzontes have the 
form of paired lameUee, which extend along the coelom, and are 
thrown into a large number of folds, in which the ova are developed. 
The testes are similar in character. In the Myxinoidea the germ- 
glands are unpaired, and arise from the right side of the mesentery. 
Both sets of generative products are passed into the coelom, whence 
they reach the exterior through the abdominal pore. 

The ovaries of some Teleostei have almost the same characters ; 
thus, in the Salmonidse the eggs are passed into the abdominal 
cavity, and are evacuated through the abdominal pore. The 
same is the case in Laemargus borealis among the Selachii, 
where the ovaries contain much smaller eggs, and are themselves 
much larger. In the rest of the Fishes there are efferent ducts 
in both sexes, which are largely — ^perhaps always — due to the 
differentiations which affect the primitive kidneys (cf. § 448). 

In this relation the Gano^dei are of a low grade, for their 
germ-glands have no direct ducts, and their products are passed 
into the coelom. In both sexes the products escape by an apparatus 
which is homologous with the Mullerian duct, consisting of a canal of 
varying length, and provided with an infundibular orifice, which is 
attached to the ureter (secondary archinephric duct) ; this takes up 
the generative products. This fact must be regarded as one of 
special importance, for we learn from it that the Mullerian duct 
may be turned to use in the male. The presence of this duct in 
both sexes leads to a correct apprehension of the real facts of the 
case, and renders it unnecessary to regard the presence of the 
rudiments of these organs in the male as due to a primitive 
hermaphroditism, which, cannot be shown to have obtained at the 
required stage of development. 

Two different arrangements can be derived from that which is 
dominant in the Ganoidei. One is seen in the majority of the 



Fig. 847. G^eratire organs and enteric canal of Olnpea harengns. oe CEsopbagns. 
Stomach, op Appendices pyloricm. i Enteron. a Anns, vn Air bladder, 
jpn Air duct. $ Spleen, tt Testes, vd, Their efferent duct, g Genital pore, 
br Branchiae (after Brandt). 


Teleost^, and tiie other in the Selachii^ and from thence in the 
4^p]^hia and all Amniota. 

^e male organs in all Teleostei and the female organs in all 
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except tRose above mentioned, have the tubular form. The germinal 
region is often limited to one portion of the tube, whence it extends 
more or less considerably, according to the degree to which its 
products are developed. The lateral efferent ducts of these genital 
tubes (Fig. 347, tt), are united into a common duct, which opens by 
the genital pore. In this arrangement the germ-gland is not 
ordinarily represented by the whole apparatus, but by the germi- 
nal region only, which projects on the inner wall of the tube, 
and is often lobed or branched. The germinal region is probably 
invested by the Mullerian duct, which is converted into a tubular 
form, but this has still to be established by embiyologioal observation. 

In a number of Teleostei hermaphro^te arrangements have been 
observed, a testicular as well as an ovarian tube being developed ; 
this is best known in species of the genus Serranus. 

§ 452. 

In the Selachii the arrangement which obtains in the female 
GanoYdei is retained and further developed. The germ-glands 
are generally developed on a certain portion only of the genital 
ridge, while the rest of the organ has its stroma increased in 
thickness, and converted into a special tissue (epigonal organ). As 
a rule, the ovaries are paired, and lie some way forward. In many 
the left one is rudimentary (Mustelus, Galeus, Scyllium, Pristiurus, 
Oarcharias). The long oviducts, which are developed from the 
Mullerian ducts, unite with their fused abdominal mouths to form a 
wide infundibular opening; this is correlated with the great size 
of the eggs which it has to take up. The hinder end of each ovi- 
duct is differentiated into a portion which is distinguished by its 
greater width, and often by its thicker walls ; this generally func- 
tions as a uterus, and opens into the cloaca. In the Selachii, as well 
as in the Ghimasrse, a glandular portion is differentiated close 
to the abdominal end of the oviduct. The generative organs 
of these two groups, and of the DipnoY, agree in the most essential 
points. 

In these divisions the male organs are generally represented by 
small testes, the ducts of which are connected with the anterior 
portion of the excretory organs, so that this portion of the primitive 
kidney, with its efferent ducts, is adapted to the service of the 
generative apparatus. After several coils the vas deferens passes 
to the cloaca; in'Ohimmra it first unites with its fellow of the 
opposite side; it generally opens with the ureter into a sinus 
lirogenitalis, which opens by a papilliform process into the cloaca. 
Pari of the Mullerian duct remains connected with the infundibular 
ostium, at the same point as that at which it is found in the female. 
At the hinder end also a portion remains connected with the cloaca, 
in the males. The Mullerian duct in Chimasra is retained in the same 
way. In the males of the Selachii and Chimmrm certain parts of the 
posterior appendages are converted into copulatory organs (p. 487)\ 

2 R 2 
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The M&eraiite aiif^eratas of the Amphibia is very similar to t^t 
of the ^aoldi* The ovaries (Pig. 348, A, ov) form lameUm, which 
project into the abdominal cavity, and vary in size according to the 
xmmber of the eggs which are being developed. In the Urodela 
they enclose a cavity, which is broken up into several spaces in the 
Annra. The Mullerian duct forms the oviduct (od), which com- 
mences a long way anteriorly, 

i \ by an infundibular orifice, and 

Jy which always opens separately 

([ into the cloaca. It is generally 

\\ greatly increased in size at the 

breeding season; this results in 
its being thrown into a number 
of coils. In the oviparous species 
(Salamandra) the terminal por- 
^ . \\ tion of the oviduct functions as 

TO ^ The testes are placed in the 

TO ^ same region as the ovaries. They 

either form a compact organ, or 
/O consist of a series of larger or 

\\ smaller (and consequently more 

^ ^ numerous) bodies. The latter is 

the case in many Coecilim, while 
(( others there are intermediate 

j j stages towards the more compact 

(/ form. A longitudinal collecting 

jj duct receives the efferent ducts 

HRy (I of the different portions of the 

* 7/ testis, and gives off again trans- 

^ Jr yJ verse canals, which correspond 

^ in number to the primary divi- 
J A sions of the kidney and are con- 

Pig. 848 . Urogenital Byetem of the “ected with them. The kidney. 
Amphibia (Triton), Diagrammatic, therefore, is the efferent duct 
A Female. B Male, r Kidneys ; on the f qj. the sperm, which is passed OUt 
surface of which the nephrostomata are 

indicated, sug Ureter! od Oviduct, through the Ureter (secondary 
m MuUerian duct, ve Efferent duct of archinephric duct) . IntheAnura, 

the testes, t Testes, ov Ovary, u Uro- the sperm from the testis is 

genital orifloe (partly after Spengel). 

work of fine canals which are 


placed between these two organs. The canals, however, which pass 
into the kidneys from the longitudinal collecting duct, traverse the 
kidneys, without being connected with the Malpighian corpuscles, 
and open directly into the ureter. Buf 0 is the sole exception ; in it 
there is a connection between the vasa efferentia and the Malpighian 
corpuscles. In the Urodela the anterior portion of the ' kidney 
(genital portion) is connected with the generative organs. Trans- 
verse canals (v e), are given off from a collecting duct, which is 
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placed or on the testes (B, t) ; these pass through the xnesor^ 
chium to a longitudinal canal^ from which canals are again given off ^ 
and these pass into the so-(^ed rmial portion. The sperm^ there* 
fore, passes through a certain portion only of the kidney, and only 
passes to the common ureter hy the ducts which are given off &om 
this portion ; this ureter is developed from the secondary archi- 
nephric duct. In proportion as this portion of the primitive kidney is 
freed of renal secretion it is converted to the uses of the generative 
apparatus, so that the two secretions are not commingled except in 
the ureter. 

In the males, the Mullerian duct remains free anteriorly, 
but it is generally closely connected with the secondary jarchi- 
nephric duct. It is either complete (m), and even has a coelomic 
ostium, or parts only are canalicular, and the rest is converted 
into a solid chord at various points. This is most commonly the 
case in the Anura, but in Bufo it is very well developed. In 
the Coecilias the hinder portion has its walls provided with well- 
developed glands, in consequence of which this portion is still 
functional. 

In many Anura (Bufo) there is a peculiar large organ contain- 
ing ova-like cells on the testis ; this was formerly regarded as a 
rudimentary ovary. We do not know what function it has, any 
more than we know that of the so-called fatty bodies which are 
found attached to the anterior end of the germinal gland of the 
Anura. 

Since the generative organs open into the cloaca this organ func- 
tions as part of the generative system. In the female Urodela 
(Salamandra) the cloacal glands take up the sperm, and function as 
receptacula seminis. In the Coecilias the cloaca of the male can be 
everted, and serves as a copulatory organ. 

Semper, Urogenitalsystem der Selaobier. — S fengel, UrogexiitalsyBieni der 
Amphibien, 1, c. 


§ 453 . 

The generative apparatus of the Sauropsida resembles that of 
the Amphibia in the more important points, and has, therefore, 
some of their arrangements more highly developed. The ovaries are 
racemose organs, which are placed in front of, or at the sides of, the 
vertebral column, and form large organs, which vary in size accord- 
ing to the extent to which the eggs, which are very large in this 
division, are developed. In the Ophidii the ovaries are placed at 
different levels. The right one is the larger, and is generally placed 
in front of the left one. In Birds the right ovary is atrophied. In 
the embryo it is as large as the left one, but while the left is 
developed it remains at a lower stage, and may at last disappear 
completely. Rudiments of it are found in the diurnal Raptores. 

The oviducts are again developed from the Mullerian ducts, and 
when fully developed are large, and ordinarily coiled canals which 
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oommenoe by a wide abdominal mouth. The mucous membrane 
which inyesta them is set in a number of longitudinal folds; the 
lower portion^ in addition to the greater thickness of its muscular 
wall, is distinguished from the other and longer portion by the larger 
size of its folds and villi ; this is especially the case in Birds. This 
differentiation of the oviduct corresponds to the different function of 
the different parts ; the longer and more anterior portion secretes the 
albumen, and the thick- waUed terminal part forms the shell. This 
portion is connected by a short and narrower piece with the cloaca. 
In correlation with the atrophy of the right ovary the oviduct of the 
same side is also atrophied m Birds; not unfrequently, however, 
remnants of it are found near the cloaca. While the oviducts open 
by one orifice in the Ophidii and Saurii, as well as in Birds, in the 
Chelonii they open into the neck of the so-called urinary bladder ; 
this foreshadows the relation which is the typical one among the 
Mammalia. In many Ophidii a diverticulum of the posterior wall of 

the cloaca receives the openings 
of the oviducts. A remnant of 
the primitive kidney is retained 
behind the ovaries (this has been 
observed in the Saurii and Aves). 

The testes, which are gene- 
rally oval, are attached to the 
vertebral column by a fold of 
the mesenteries; this is either 
effected in front of, or between 
the kidneys. Their size is closely 
correlated with their physio- 
logical activity ; this is especially 
the case in Birc^. In the Ophidii 
they are arranged in the same 
way as the ovaries. The vasa 
efferentia pass to a parorchis, 
which generally consists of a 
few canals only, and from which 
a vas deferens extends to the 
cloaca. In the Crocodilini it 
is straight, in the Ophidii, Saurii, 
and Aves it is arranged in a 

Fig. 849. Urinary and generatiT. organs of smaller CO^, wMe 

of a Chelonian (Ohelydra Borpentina). lU the Chelonil (Fig. o49, e) it 
r Kidnej. u Ureter, v Bladder, t Testes. forms a complex of Coils. In 

•-Jf vjy w .Miip vr* wa/ MAW0WJ.UVCM nauuo AUW I*!** ^ t 

the cloaca, ri Cloaca, opened from be- m the Croooduiiu, its hmder 
bind, p Fenis. s Groove of the penis, portion is widened Out. 
re Hind gnt. c cT Oloaoal cescal sacs. the Saurii the vasa defe- 

rentia still unite with the ureters 
to open into the cloaca ; in the Chelonii they open into a sinus uro* 
genitalis, which is formed by the neck of the urinary bladder. 
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Sometimes each spermatic duct opens on a papilliform process (Saurii, 
Ayes), 

A rudiment of the Mullerian dact may sometimes be seen in the 
form of a filament passing forwards from the anterior end of the 
secondary kidney (Saurii), while further remnants of the anterior 
portion of the primitive iidney which are not converted into the 
secondary testis may be recognised. 

§ 454. 

In the Mammalia the generative apparatus undergoes great 
metamorphoses, owing to the further development of various portions 
of the efferent ducts and the formation of a number of accessory 
organs. In the female apparatus these are largely correlated 
with the relations that obtain between the embryo and the maternal 
organism. As this is least marked in the Monotremata, they under- 
go the least amount of modification, and have therefore direct 
relations to the lower divisions of the Vertebrata, and especially to 
the Sauropsida. The oviducts (Pig. 350, t) open separately into a 



duct and ovary, t Oviduct, u Uterus. Fig, 851. Female generative organs of 

vf Point at whioli the orifice of the uterus Halmaturus. ov Ovary, od Oviduct, 

projects upwards, close below the opening u Uterns. cv Vaginal canals, cug Sinus 

of the ureter, vu Urinary bladder, urogenitalis. vu Urinary bladder. 

8ug Sinus urogenitalis. el Cloaca. wr Ureter, • Opening of the bladder. 


sinus urogenitalis, which communicates with the cloaca {cl). The 
lower end of the oviduct, which is distinguished by the greater 
thickness of its muscular wall, forms a uterus {u ) ; but this merely 
corresponds to the structures which likewise function as a uterus in 
many Anamnia and Sauropsida. 

In the Marsupialia the efferent ducts of the female are connected 
together on the outer surface, and each of them gives rise to an 
oviduct and uterus, as well as to a new portion, or vagina, which 
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opens into ^ smns nrog^talis. The upper pcnrtion^ whidi 
commences by n Terr wide ccBtemio orifice^ forms an OTidoot 
(Fig Solj <h{), while the next and thicker-wdled portion forma a 
utams (u). £^h of the two uteri open by a papilliform process into 
a portion^ which from the exterior appears to be common to them 
both| and which is formed by the union of the two Mullerian 
ducts. A carved vagina is given off from this on either side 
(Didelphys), or the commencement of the tube is replaced by a 
C89cal vaginal sac which is pushed out backwards, and is usually, 
though not always, divided internally by a median partition ; from 
this sac the distinct vaginal canals ** (cv) pass in a curved direction 
to the urogenital sinus (ciLg) (Halmaturus). 

In the monodelphous Mammalia the archinephric ducts are united 
with the Mullerian ducts to form a common chord (genital chord) . The 
connection between the two Mullerian ducts, which is well marked in 
Halmaturus, is effected in them at about the middle point of the duct, 
and thus they become connected during embryonic life. A portion 
of these ducts have their cavities fused, while they are separate in 
front of, and behind this point ; this is an indication of the common 
sac, which gives ofE the vaginal canals in the Marsupialia. But in 
the Monodelphia the lumina are fused as far as the end of the genital 
chord, and so form a single canal (genital canal) which opens into 
the sinus urogenitalis. There are, therefore, two canals, which are 
separated from one another at their commencement, but which unite 
into an unpaired portion of varying length ; these canals are derived 
from the Mullerian ducts, which are separate in the early stage of the 
embryo. The parts, which are distinguishable even in the Marsu- 
pialia, are due to the differences in the extent to which the walls of the 
different parts are differentiated, and the modifications in them are 
essentially due to the greater or less extent of the two tubes. The 
uterus undergoes a number of changes, most of which are due to 
adaptations to its relations to the foetus. Two completely separated 
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Fig. 352. Various forms of ihe uterus A.B 0, u Uterus. 
od Oriduct. v Vagina. 


uteri open into a 
vagina in many Ro- 
dentia (Lepus, Sciurus, 
Hydrochoerus, etc.), 
and in Orycteropus 
(Fig. 352, A). In 
other Rodentia the two 
uteri are only united 
for a short distance 


into a common open- 
ing into the vagina (e.g. Cavia, Coelogenys, Mus). This leads to the 
arrangements seen in the uterus of the Insectivora, Carnivora, Cetacea, 
and IJngulata, where a single uterus is continued into two separate 
cornua (JB), which are continued into the oviducts. When the common 
portion of the uterus is elongated, the cornua are shortened ; this is 
the case in the Chiroptera and Prosimias ; in the Simias, as iu^Man, 
there is a single uterus (0), which receives an oviduct on either side. 



of YEBIEBItAIA. 

The Comaa of the ateras^ and the common nteros itself^ vary rery 
greatij* in length; S0| too, does tho-vagini^ the mnoons membrane 
of which may oe varionsly modified. In many Bodents (Lagostomos) 
s, certain portion retains its ori^^inal double natnre. Its opening 
into the urogenital sinus is sometimes distinguished by a temporary 
fold of mucous membrane, which is known as the hymen. This has 
been observed in the Buminantia, Carnivora, etc. ; but it is in the 
Simim only that it has the same relations as in Man. The primitive 
Mullerian duct, which only served for the passage of the generative 
products, is therefore differentiated into three parts, owing to the 
great physiological changes that happen to it ; and of these parts the 
first, or Fallopian tube, alone retains its primitive relations. 

The ovaries, which are generally small, vary greatly according 
to the relation that obtains between the follicles and the stroma of 
the ovary. In a large number of Mammals they are racemose in 
form. They seldom retain their primitive position, and generally 
travel towards the pelvic basin, or, with their oviducts, are com- 
pletely enclosed in it. They are always in close relation to the oviduct, 
or rather to its infundibular coelomic mouth, for a process of the 
margin of the ostium extends to the ovary. The mesenteric folds 
(ligamenta uteri lata), which support the ovaries and oviducts, not 
unfrequently unite with the pouch that encloses the ovary to form 
the mouth of the oviduct (as in the Carnivora). 

Remnants of the primitive kidneys and their ducts, which are 
enclosed with them in the genital chord, are retained at the sides 
of the uterus, or in the folds of the peritoneum, which connect the 
ovaries with the uterus. The so-called canals of Gartner are 
formed by remnants of the archinephric ducts, which accompany 
the uteri in Echidna, and open into the urogenital sinus ; in other 
forms, portions only of these canals persist. A rudiment of the 
primitive kidney, which is placed near the ovaries, is known as the 
parovarium. 


§ 455 . 

In the male generative apparatus of the Mammalia the 
testes have, at first, the same position as the ovaries — that is, they 
are placed at the inner edge of the primitive kidneys. A chord 
extends from the archineplmc duct to the inguinal region of the 
abdominal wall (n). The primitive kidneys are partly united with 
the testes, and there form the parorchids (epididymes). As in 
the female, the archinephric duct unites with the Mullerian duct 
to form a genital chord, which passes to the urogenital sinus, 
developed from the lowest portion of the allantois. It forms 
the vas deferens ; the Mullerian duct is atrophied, its terminal 
portion only being, as a rule, converted into a permanent organ, 
corresponding to a sinus genitalis, the so-called uterus masculinos ; 
this generally opens into the urogenital canal between the orifices 
of the seminal ducts. 
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TbB ippaaratuB tiins formed is Tarionsl^ modifi^ in diffiex^nt 
parts. Tte testes do not retsiii tiieir primitive position anteriorly 
to the kidneys in any Mammals except the Monotremata. In the 
Getaceai Hyrax^ Elephas, and varions Edentata, they are placed a 
little to the side of, or below the kidneys. In others they are found in 

the inguinal region of the ab- 
dominal wall, which they pass 
through (many Bodents, the 
GameUdm, and various Car- 
nivora [Lutra, Viverra]). In 
others, finally, they travel still 
further by means of the ingui- 
nal canal, descending through 
the wall of the abdomen into 
a diverticulum, the scrotum, 
which is form^ from the in- 
tegument. The space which is 
form^ (canalis vaginalis) when 
the testis passes into the scro- 
tum, by the peritoneum which 
grows out with the descending 
testis, is permanently open in 
most Mammals, so that the 
cavity around the testis is in 
communication with the ab- 
dominal cavity. As the testes 
pass down the inguinal canal 
the abdominal wall is driven 
in front of them. When the 
vaginal canal remains open 
the testes may return again 
to the abdominal cavity; this 
ordinarily happens in many 
Mammals during the breeding 
season (e.g. Marsupialia, Bo- 
dentia, Chiroptera, Insectivora, 
etc.). The scrotum of the 
Marsupialia is remarkable for 
its position in front of the 
genital orifice. It is a special 
structure, while in the Mono- 
delphia the scrotum is de- 
veloped from the boundary of 
the primitive urogenital or&ce. 
The lower end of the vas deferens is always simple in the 
Monotremata and Marsupialia, Carnivora and Cetacea. In the rest 
it gives rise to glandular structures, which are known as ^Wesicul© 
seminales,^^ as the sperm may be collected in them (gl). These 
organs are gi*eatly developed in the Insectivora and many Bodents ; 



fHg. 853. I Urinaiy and generative organs 
of Crioetns vnlgaris. B Kidneys, 
u Ureter, v Urinary bladder. T Testes. 
8p Vasa spermatica. iZ Vas deferens, gl 
Vesionlse sezninales. gif gV' Frostatic glands, 
m Mnscnlar portion of the urogenital sinns. 
ic Corpus cavemognm penis, he Gorp. cav. 
urethrffi. c Cowper*s glands, t Tyson's 
glands, p Prepuce, g Gians penis. II Neck 
of the bladder, and commencement of the 
urogenital sinus, opened in front. ^ Opening 
of the ductus ejaculatorii. Ill Gians penis 
seen from in front. 
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in the former they are often broken np into several large lobes, 
while in the latter they are distinguished by their length and by 
the divertionla which are found on them. The terminal portion 
also of the vas deferens often has a glandular structure. 

Besides the seminal ducts, the short terminal portion of which 
receives the vesiculas seminales, and is known as the ductus ejacu- 
latorius, rudiments of the Mullerian ducts open 
into the urogenital sinus in many Mammals. 

They either consist of a single or of a paired 
diverticulum, which corresponds to a rudimentary 
sinus genitalis of the female, or, rather, to its 
vaginal portion, so that it is not very exact to 
call it a uterus masculinus. Part of it some- 
times forms a portion of the male genital sinus, for 
the seminal ducts open into it. These organs are 
largest in the Eodentia (Pig. 354, gr), although, 
indeed, they are not altogether wanting in other 
forms; in Man they are represented by the 
prostatic vesicle. 

Lastly, the urogenital canal is provided with 
yet another set of glandular organs, the prostatic 
glands. These may be of a considerable size, 
and form paired lobate structures (Bodentia, 

Blephas, Insectivora) (Fig. 353, gV gl”), or they 
are formed of a number of smaller tubes, which 
are connected by layers of smooth muscular 
fibres to a mass which is attached to the wall 
of the urogenital canal. By the further develop- 
ment of the musculature, which is found on 
these glands in other forms also, the prostate is 
converted into a circular body. 




Fig. 354. Urogenital 
- cjanal and urinary 

§ 45d. » bladder of Lepns 

Ounioulus. ulFrom 

In the lower divisions the efferent ducts of behind. B The 
the urinary and generative apparatus unite with posterior wall of the 
the terminal portion of the entenc canal to open gide 

into the cavity which has already (p. 562) been view, v Bladder, 
called the cloaca ; ” but it is doubtful whether J Ureter, d Semima 
this should be regarded as the primitive condition, ^ 

for we might take the arrangement which obtains ’ canal 
in the Oyclostomata, GanoJdei, and Teleostei, to 
be such, where the urogenital organs and the tractus intestinalis 
open separately. In them, the anus is in front of the urogenital 
orifices, although, and especially in the GanolCdei, there is a oepres* 
sion into which both these orifices open ; this depression is an early 
indication of a cloaca. The cloaca is weU developed in the Selachii, 
and the orifices of the urogenital apparatus, which lie, in other forms, 
behind the anus, are there placed on the dorsal wall of the cloaca. 
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This nation is henceforward the common one ; in the Amphibia, 
Beptilia^ and Ayes, there is a cloaca of pretty much the same hind ; 
in Birds it is provided with a diverticulum, the bursa Pabricii 
(Pig. SS8, fe), which is attached to its hinder wall. The cloaca must 
be regarded as being inherited by all the Mammalia, although it is 
in the Monotremata only that it persists without any great modifi- 
cation; in the rest it undergoes considerable changes. The most 
important of these is the share which it takes in the differentiation 
of a copulatory organ, and which was faintly indicated in the Am- 
phibia; these changes end by giving rise to a urogenital orifice 
distinct from the anus. The allantois is one of the most im- 
portant of the organs which are differentiated from the cloaca ; it is 
developed from the anterior wall of the cloaca, that is, from the 

E art of the primitive cavity of the hind- gut that represents it. In 
lepidosiren and in the Amphibia this organ forms a body which 
springs from the anterior wall of the cloaca by a short stalk ; in the 
latter it is continued into two anteriorly placed diverticula ; it lies 
freely in the coelom. It is known as the urinary bladder, and 
seems indeed to function as such, although the ureters open some 
way from it. Blood-vessels are distributed on its thin wall ; the 
arteries come from the pelvic vessels, and the veins pass to the portal 
vein. 

In the Amniota this organ is very greatly developed during the 
embryonic stages, and becomes a large sac which grows out far 
beyond the embryo, and is provided with a large number of vessels ; 
it envelops the embryo, already covered by the amnion. In 
Reptiles and Birds it gradually atrophies as the abdominal wall is 
closed in, and disappears altogether, In the Saurii and Chelonii 
only the portion of the allantois within the abdominal cavity is 
retained ; in them it is widened out into a sac, which is provided 
with diverticula on either side (Pig. 349, u). 

In the Mammalia this organ has different relations to the develop- 
ing organism. As in the Reptilia and Aves it grows out into a 
vesicle, which communicates with the cavity of the hind-gut by a 
stalk which runs inside the umbilical chord. That portion of the 
chord, which passes into the coelom (urachus) is partly converted 
into a ligament (Lig. vesico-umbilicale medium), partly into the urinary 
bladder, and partly into a sinus urogenitalis, where the orifices of 
the generative ducts pass into it. In the Monotremata and Marsupialia 
the peripheral portion appears to have the same relations as in the 
Sauropsida, while in other Mammals it aids in the formation of the 
chorion,^^ which is connected by villous elevations with the mucous 
membrane of the uterus. When these vascular villi of the chorion 
are further developed, the foetal blood passing along the vessels of the 
allantois, acquires a distribution in the peripheral regions of the sac. 
This effects exchanges with the blood which is distributed the 
mucous membrane of the uterus. As it becomes more intimately 
connected with the uterine mucous membrane a placenta is 
developed ; this varies greatly in character according to the way 
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in which^ and the extent to which^ the chorion is connected with the 
mncons membrane of thb uterus^ and according to the modifications 
undergone by the latter organ. 

§ 457 . 

The copulatory organs form another series of parts formed 
by the differentiation of the wall of the cloaca. In the Selachii, 
indeed, organs which did not belong to the generative apparatus — 
parts of the hinder appendages — are used as organs of copulation 
and modified accordingly, but new organs begin to be differentiated, 
which in the Amphibia are faintly indicated by the presence of a 
papilla which projects into the cloaca. These belong to one of two 
typical forms ; in one the organs are connected with the posterior, 
and in the other with the anterior wall of the cloaca. 

One of them is dominant in the Sanrii and Ophidii. The copu- 
latory organs first appear as external appendages, 
placed just behind the cloaca ; later on these are 
invaginated in a tubular fashion (Fig. 355, p), 
and are only protruded during copulation. When 
protruded, each of these organs is continued into 
two more or less blunt ends, which vary in form. 

At the sides there is a groove, which is continued 
on from the cloaca, and which has a spiral course 
posteriorly, and is then directed towards the 
middle line; this serves to convey the sperm. 

The largest of the muscles supplied to it are the 
retractors, which are inserted into the blind end 
of the tubes. Glands open near the root of the 
tubes (gl). 

The second form contains a number of dif- 
ferent structures, all of which, however, pro- 
ceed from the anterior wall of the cloaca, and 
must be regarded as modifications of one and 
the same arrangement. One form of these 
organs is found in most of the Batitm, and 
in the Penelopid® and Natatores (Anser). It consists of a tube 
which is supported by two fibrous bodies, and which, when pro- 
truded, forms a groove which leads from the cloaca. The terminal 
portion of the organ is retracted by an elastic ligament. 

Another form is seen in the Chelonii and Crocodilini, and in 
Struthio ; this is distinguished from the previous one by the fact 
that it is not protrusible. This organ is likewise support^ by two 
fibrous bodies, which are intimately connected together, and covered 
by mucous membrane (Fig. 349, p). On the dorsal surface there is 
a groove between the two bodies («), which appear to be invested by 
cavernous tissue, at the root in the Crocodilini and Chelonii, and 
along the whole length in Struthio. As this tissue is more abundant 
at the ajaterior end of the fibrous bodies (in Struthio it is formed 
from the continuation forward of a third elastic body, which is 
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placed below the two fibrons ones) it forms an erectile welt^ wbicb 
represents a penis. Special muscles^ wbich are inerted into the 
fibrous bodies^ act as retractors joi the penis ; in Strnthio this 
organ is provided with special elevator muscles^ and is hidden in a 
diverticulum of the cloaca. 

The copulatory organs of the Mammalia also belong to the second 
type ; those of the Monotremata differ markedly from the organs in 
other Mammals. Their copulatory organs consist of a short penis^ 
which is formed of two erectile bodies, and which lies in a pouch 
which opens into the cloaca. By means of a muscle this can be 
approximated to the urogenital canals^ and so takes up the sperm 
through an orifice which is placed at its root, near the opening of the 
urogenital sinus. Owing to the special mode by which a portion of 
the wall of the cloaca is differentiated, this organ comes to be 
exclusively related to the generative apparatus, while the urine 
passes out through the cloaca. 

When the cloacal aperture is differentiated into two orifices, the 
copulatory organ becomes more closely related to the urogenital 
sinus. During the embryonic stage a fold begins to be raised up 
around the cloacal orifice, and a process is developed on the anterior 
wall of the cloaca, which carries on its posterior surfece a groove 
which leads to the opening of the urogenital canal. As the embryo 
continues to grow, the cloaca becomes shallower, and the wall of 
partition between the orifice of the hind-gut and the urogenital 
canal, which is formed from the lower end of the urachus, becomes 
more distinct. At last the orifices which were formerly placed on 
the floor of the cloaca come to the surface. The anterior fissure at 
the base of the genital protuberance forms the opening of the uro- 
genital sinus, while the hinder orifice forms the anus. In many 
Mammalia the two orifices are always close to one another, and may 
even be enclosed by the same fold of integument ; in the female sex 
the two orifices are ordinarily close together. This is most markedly 
the case in the Marsupialia (where there is even a common sphincter 
for the anus and urogenital orifice) and Rodentia ; in which forms, 
indeed, it obtains in the males also. 

§ 458 . 

The urogenital sinus is developed to a different extent in the 
two sexes, and this is due to the difference in their functions. In 
the male the urogenital sinus and genital protuberance grow out 
into a narrower, but ordinarily long canal (the so-called urethra), 
with the walls of which erectile organs are connected. They form 
the penis. In the female there are parts which are similar to, 
though less largely developed- than, this organ and its erectile 
bodies ; they form the clitoris, an organ which corresponds to the 
penis. 

The erectile organs of the Marsupialia are formed of two bodies 
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wliioli are derived from tlie genital protnberance and sarronnd the 
urogenital canal; in some they are divided at their free end 
(Fig. 356^ a b) and form the penis. The urogenital canal is 
continued on to each half in^the form of a 
groove and these grooves may unite together 
to form a canal. In others (Kalmaturus) these 
erectile bodies are connected with two others^ 
with which they unite to form a cylindrical penis, 
and bound the urogenital canal. The first- 
mentioned erectile bodies generally fuse very 
early in other Mammalia to form a corpus caver- 
nosum urethrae which surrounds the urogenital 
canal (urethra), and of which the most anterior 
end, which varies greatly in form, forms the glans 
penis. The two other erectile bodies (corpora 
cavernosa penis), which in the Marsupialia are 
not firmly connected with the pelvis, are con- 
nected with the ischium; they pass above the 
corpus cavernosum urethrae, but do not extend 
into the wall of the urogenital canal. In most 
Mammals the penis thus formed extends for- 
wards from the symphysis pubis along the median line of the 
abdomen, and ends at a varying distance from the umbilicus; 
in others (Chiroptera, Primates), it is free and hangs down 
from the symphysis pubis. In either case, the integument covers 
it and forms a fold in front of, and around the glans — the 
prepuce. 

In the female, the genital protuberance is never developed to 
the same extent as in the male; it forms the clitoris, which carries 
on its lower surface the opening of the urogenital sinus, which is 
bounded by lateral folds. The clitoris is generally more largely 
developed in the embryo than in the adult, as it projects from the 
pubic fissure and is afterwards withdrawn into it. In some Apes, 
however (Ateles), the clitoris continues to be developed and become 
an organ of some size. Two erectile bodies (corpora cavernosa 
urethras) lie in the walls of the urogenital sinus and surround it 
as far as the clitoris, at the base of which there is another pair of 
erectile bodies. The end of the clitoris is generally provided with 
a gland, and is also covered by a prepuce. Sometimes this organ 
is provided with special muscles, which are mostly differentiated, 
as are also those of the erectile bodies, from a common occludor 
of the cloaca, such as is seen in the Marsupialia. In addition 
to these, many Mammals have muscles which raise, or retract the 
penis. 

Glandular organs open into the urogenital sinus of both 
sexes. There are others besides the prostatic glands already men- 
tioned (p. 619) ; there may be one or more, or as many as four 
pairs (Marsupialia) ; they lie at the root of the penis (Pig. 353, c). 



Fig. 356. Divided 
penis of Didelphys 
philander. a h 
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8 Groove on its inner 
surface. x Begion 
of the anns which is 
placed behind the 
orifice of the prepuce 
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Gowper’s glands are connected with the portion which is enclosed 
by the erectile bodies. These are •not dways present (Cetacea, 
Carnivora). In the female they open Into the vestibnlnm vaginee 
(glands of Duverney or Bartholin). The glands of the prepuce 
(Tyson’s glands) are developed into large organs in many Mam- 
mals, and especially in the Itodentia, among which 4hey are best 
develc^>ed in Castor (Fig. 853, 
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Spiraoular cleft, 643 ; Fseudobran- 
ohia, 543 ; Air-bladder, 647. 

Acopa— Form of body, 390 ; Gemmation 
in, 391 ; Ganglia, 397 ; Branchial sac, 
399; Branch^l slits, 402; Sexual 
organs, 407. 

Acrania — ^Auditory organs, 633; Bespi- 
ratory cavity, 641. 

Acridida — ^Auditoxy organ, 262. 

Acrodont Lizards — Teeth, 657. 

Acrocladia — Spines, 206. 

Actseon — ^Excretory organ, 377. 

Actinosphserium — Figure, 84. 

Adder — Epigastric veins, 595. 

ABginidae — ^Tentacles, 102, 107 ; Mar- 
^nal ve8i<^, 110; Gastrovascular 
8yBtex%lI6 V ^^erative organs, 122. 

.^ginjopaltep^entaoles, IQ^ 


.^olidia — Ganglia, 349 ; Liver, 362 ; Ves- 
sels, 372 ; Hermaphrodite glands, 
382. 

AEjquoridae — Generative organs, 122. 

.^schna — Tracheal gills, 290. 

Aloiopidse — ^Visual organs, 165 ; Auditory 
organs, 156; Excretory organs, 176. 

Alcyonaria — Generative organs, 122. 

Alcyonella — Nervous system, 146. 

Alcyonidec — ^Digestive persons, 117. 

Aloyonium — Skeleton, 106 ; Figure of, 
116. 

Alepas — Mantle, 236. 

Alligator — Pelvis, 486 ; Spinal nerves, 
514. 

Alveolina — Shells, 81. 

Amia — Sphenoids, 462. 

Ammoccetes — ^Vertebral column, 426 ; 
Notochord, 426. 

Ammonites — Shell, 333. 

Ammothoe — ^Digestive organs, 269. 

Amniota — Muscles of paired appendages, 
498 ; Glossopharyngeal, 618 ; Vagus, 
521 ; Nasal canal, 526. 

Amoeba — ^Figure of, 78; Supporting or- 
gans, 81 ; Contractile vesicle, 86. 

Amoebidao — Protoplasm of, 76. 

Amphibia — ^Anterior appendages, 414 ; 
Limbs, 415 ; Cerium, 417 ; Epidermis, 
418 ; Tegumentary glands, 420 ; Der- 
mal bones, 425; Vertebral column, 
429; Vertebrae, 432; Atlas, 437; 
Sternum, 442 ; Dermal denticles, 
460; Skull, 460; Jugal, 457; Bran- 
chial skeleton, 469; Branchial arches, 
470; Hyoid, 471; Shoulder-girdle, 
476; Fore-limb, 480; Badius, 480; 
Ulna, 480; Carpalia, 480; Pelvic- 
girdle, 484; Hind-limb, 4E^; Toes, 
490; Dermal muscles, 493; Trunk 
muscles, 494; Intercostal muscles, 
496; Muscles of the branchial dcele- 
ton, 497 ; Masticatory muscles, 497 ; 

S 
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Brainy 506; Spinal nerves, 614; 
Brachial plexus, 514 ; Olfactory 
nerve, 616; Glossopharyngeal, 618; 
Vagus, 621; Goblet-shaped organs, 
524; Lateral line, 524; Gustatory 
organs, 626 ; Olfactory organs, 625 ; 
Nasal canal, 626; Optic bulb, 629; 
Sclerotic, 629; Optic muscles, 681; 
Eyelids, 532 ; Lachrymal ducts, 632 ; 
Labyrinth, 636 ; Eustachian tube, 
637; External ear, 638; External 
gills, 645; Pharynx, 646; Nasal 
glands, 648; Teeth, 650; Tongue, 
652 ; Thyroid gland, 564 ; Stomach, 
557; Mid-gut, 661; Hind-gut, 662; 
Cloaca, 662 ; Liver, 664 ; Mesentery, 
666; Lungs, 669, 672; Blood-cor- 
puscles, 676 ; Heart, 680 ; Branchial 
arteries, 680; Pulmonary arteries, 
681; Benal arteries, 689; Venous 
sinuses, 691; Inferior venss cavas, 
692 ; Lymph sinuses, 698; Lympha- 
tic hearts, 699 ; Glands, 600 ; Archi- 
nephric duct, 602; Edney, 603; 
Pronephridion, 603 ; Mullerian duct, 
604, 612 ; Ureter, 604 ; Ova, 609 ; 
Sperm, 609 ; Generative organs, 612 ; 
Oviduct, 612 ; Allantois, 621 ; Urinary 
bladder, 621 ; Gopulatory organs, 
621. 

Amphiglena — Auditory organs, 166. 

Amphinoma — ^Appendagesf, 136 ; Nerve 
trunks, 149. 

Amphioxus — ^Nerve fibres, 82 ; Branchial 
skeleton, 142 ; Trunk, 413 ; Epi- 
dermis, 418 ; Notochord, 427 ; Ver- 
tebral column, 428; Cephalic skeleton, 
442; Cranium, 447; Branchial ske. 
leton, 468; Muscular system, 491; 
Medullary tube, 602 ; Peripheral 
nervous system, 613; Eye, 627; 
Figure of, 639; Eespiratory cavity, 
640; Branchial cavity, 640; Branchiae, 
541 ; Hypobranchial groove, 653 ; 
Enteron, 655; Fore-gut, 656; Liver, 
556; Hearts, 676. 

Amphipnous — Branchial lamella, 645. 

Amphipoda — Branchiae, 241 ; Ventral 
chord, 255 ; Heart, 280. 

Amphistoma — ^Visual organ, 154; Shell 
gland, 183. 

AmpUuma — ^Vertebrae, 433. 

Anamnia — Epidermis, 418 ; Supra-renal 
gland, 601. 

Anatidse — Stomach, 668 ; Syrinx, 672. 

Animals — Cells in, 16; Classification of, 
66 ; Phyla of, 69. 

and Plants— -Boundary between, 

68,76. 

Anisobranchiata — Branchiae, 837- 

Annelides — Excretory organ, 46; Vascular 
system, 60; Parapc^a, 185; Cilia, 
187 ; Eod-like bodies, 140; Tubular 
glands 141 ; Muscular system, 143 


Nervous system, 149 ; Visceral nerves , 
161 : Tactile setae, 161 ; Visual organs, 
156; Auditory organs, 166; Hind- 
gut, 164 ; Coelom, 166; Blood-vessels, 
171. 

Annulata — Musculature, 42 ; Nervous 
system, 42; Excretory organs^ 42; 
Homology in, 64; Metamerism in, 
130; Integument, 136; Setae, 140; 
(Esophageal ring, 148; Eyes, 154; 
Alimentary canal, 162 ; Coelom, 166 ; 
Vascular system, 167 ; Excretory 
organs, 176 ; Spermatophores of, 191. 

Anodonta — Branchiae, 836 ; Muscles, 342 ; 
Nervous system, 346; Heart, 370; 
Organs of Bojanus, 370 ; Benal ducts, 
876 ; Genital canal, 880. 

Anomia ~ Foot, 321 ; Branchiae, 336 
Visceral ganglia, 346. 

Anoplotherium — Manus, 483. 

Anseres — Caeca, 662. 

Ant — Salivary glands, 23. 

Antedon — Pinnulae of, 196. 

Antelope — Stomach, 558. 

•Anthozoa — ^Form of, 99; Tentacles, 102 ; 
Skeleton, 106 ; Muscular system, 
108 ; Gastric system, 110 ; Generative 
organs, 122. 

Antipatharia — Generative organs, 123. 

Antipathidae — Skeleton, 106. 

Anura — Bibs, 439; Maxilla, 457; Bran- 
chial arches, 471; Shoulder-girdle, 
476; Pelvic-girdle, 484; Hind-limb, 
488; Sixth toe, 488; Dermal muscles, 
493; Mesencephalon, 605; Facial 
nerve, 617 ; Ductus endolymphaticus, 
634 ; Columella, 638 ; External gills, 
545 ; Homy teeth, 649 ; Kidneys, 
604 ; Testes, 612 ; Fatty bodies, 618. 

Apes — Dermal muscles, 493; Turbinate 
bones, 647; Buccal pouches, 649; 
Sublingua, 653 ; Clitoris, 623. 

Aphides — Wax-secreting organs, 260; 
Salivary glands, 274 ; Pseudova, 302, 

Aphroditaceae— Elytra, 136; Maxillary 
apparatus, 162 ; Mid-gut, 162. 

Aphrodite — Origin of nerves, 161 ; Ali- 
mentary canal, 162 ; Liver, 166. 

Aphroditidae—Setae, 140. 

Aplysia — Ganglia, 348 ; Vessels, 872 
Copulatory organ, 884. 

Appendicularia — ^Tail, 394 ; Axial organ, 
894; Branchial sac, 899; Sexual 
organs, 407* 

' Aptera — Gnathites, 245 ; Ventral chord, 
258 ; Malpighian vessels, 276 ; 
Tracheae, 288. 

Apteryx — Diaphragm, 499; Aocessorius 
WiUisii, 622. 

Apus — Shell, 286 ; Ventral chord, 264 ; 
Caeca, 268 ; Salivary glands, 274 ; 
Generative organs, 290. 

Araohnida — ^Form of Body, 287 ; Appen- 
dages, 244; Spines, 249; Ventral 
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ganglia, 256; Yiaoeral nervous sys- 
tem, 259 ; Eye, 265 ; Enteric canal, 
269; Salivary glands, 278; Liver, 
275; Malpighian vessels, 276; Cir- 
culatory system, 281 ; Tiachem, 290 ; 
Germ glands, 292; Generative organs, 
296 ; Seminal elements, 304. 

Aranea — Gnathites, 244 ; Cmca, 269 ; 
Hind-gut, 270; Salivary glands, 273; 
Hepatic tubes, 278 ; Circulatory sys- 
tem, 281 ; TraohesB, 290 ; Copulatory 
organs, 299. 

Area — Byssus gland, 829 ; Visceral gang- 
lia, 846 ; Visual organs, 853. 

Aroellar — Supporting organs, 81; Tests, 
83 ; Contractile vesicles, 86. 

Archegosauria — ^Dermal bones, 425. • 

Ardea — Enteric canal, 565. 

Arenicola — ^Appendages, 136; Auditory 
organs, 166; Eore-gut, 168; Hind- 
gut, 163; Vascular system, 169; 
Central organs of blood-vascular 
system, 169. 

Argiope — Figure of larva of, 307. 

Argonauta — Hectocotylised arm, 327 ; 
Shell, 335 ; Liver, 366. 

Argulus — CsBca, 268. 

Argjroneta — Trachero, 290. 

Aricia — Dermal glands, 141. 

Artemia — Eye, 265 ; Heart, 280. 

Arthropoda — Connective tissue, 24 ; Tests, 
88; Muscles, 40; Nervous system, 
42; Vascular system, 50; Homo- 
dynamy in, 64 ; General review, 
228 ; Classification, 229 ; Biblio- 
graphy, 232 ; Appendages, 237 ; 
Integument, 248 ; Muscular system, 
252 ; Cephalic ganglion, 252 ; Ventral 
ganglionic chain, 252; CEsophageal 
ring, 262 ; Peripheral nervous system, 
252 ; Visceral nervous system, 259 ; 
Visual organs, 263 ; Alimentary 
canal, 267 ; Salivary glands, 273 ; 
Coelom of, 278; Fat bodies, 278; 
Vascular system, 279 ; Dorsal trunk, 
279 ; Venous ostia, 279 ; Pericardial 
sinus, 279 ; Blood-fluid, 280 ; Gener- 
ative organs, 291 ; Germ glands, 292. 

Arthrostraca — Auditory vesicles, 261 ; 
Salivary glands, 274. 

Artiodactyla — ^Dorso-lombar vertebrae, 

437 ; Fore-limb, 483 ; Pelvis, 486. 

Asoalabotse — Eyelid, 532. 

Ascaris — Muscular fibres, 144; Female 
organs, 184. 

Asoidiae — Form of body, 890; Muscular 
system, 395; Median dorsal nerve- 
chord, 896 ; Peripheral nerves, 397 ; 
Branchial sac, 400; Heart, 401; 
Langnets, 401; Branchial slits of, 
402 ; Ventral groove, 403 ; Enter on, 
404 ; Sexual organs, 407. 

Ascones — Gastrula of, 93. 

Asellus— Benal concretions, 278. 


Asiphonia — Bospiratory cavity, 819. 
Aspidisca — Carapace, 83. 

Aspidogaster — ^Pharynx, 158. 

Astacus — ^Respiration in, 269. 
Asteracanthion — ^Arms, 195, 199; Am- 
bulacral feet, 195. 

Asterida — Nervous system, 208; Visual 
organs, 210 ; Alimentary canal, 213 ; 
Coelom, 217; Blood-vessels, 218; 
Generative organs, 226. 

Asteriscus — Arms, 195, 199 ; Alimentary 
canal, 218. 

Asteroidse — Rays of, 196; Ambulaoral 
plates, 202; Paxillse, 203; Dermsd 
skeleton, 205; Internal skeleton, 205 ; 
Spines, 206; Pedicellarise, 206; 
Muscular system, 207 ; Nervous sys- 
tem, 208; Interradial caeca, 215; 
Stone-canal, 221 ; Generative organs, 
224. 

Astraeidae — Skeleton, 106. 

Astropecten — ^Alimentary canal, 213 ; 
Interradial caeca, 215; Stone-canal, 
221 . 

Ateles— Clitoris of, 623. 

Atlanta — Shell, 328, 832 ; Foot, 824 ; 
Excretory organ, 378; Receptaculum 
seminis, 385. 

Aulacostomum — ^Mid-gut, 162. 

Aurelia— -Disc of, 24; Figure of, 98; 
Discophora form, 99 ; Muscular 
system, 108; Gastrovascular system, 
115. 

Aves — Corium, 417 J Scales, 418 ; Claws, 
419 ; Feathers, 419 ; Vertebral 
column, 429; Centra of vertebrae, 
433 ; Sacrum, 434 ; Caudal vertebrae, 
434; Cervical vertebrae, 434; Axis, 
437; Odontoid process, 487; Ribs, 
440; Covering bones of skull, 459; 
Lachrymal, 459 ; Palato-qu^rate, 
459 ; Pterygoids, 461; Palatines, 461; 
Premaxillae, 462 ; Dentaries, 462 ; 
Shoulder-girdle, 476 ; Clavicles, 477 ; 
Phalanges, 471 ; Pelvis, 486 ; Tarsus, 
488 ; Brain, 505 ; Spinal chord, 612 ; 
Olfactory nerve, 616 ; Gustatory 
organs, 525 ; Olfactory organs, 525 ; 
Sclerotic, 530; Eyelids, 632; Lagena, 
636 ; Tympanic cavity, 637 ; Colu- 
mella, 538; External ear, 538 ; Cloaca, 
562, 620; Pancreatic ducts, 565; 
Larynx, 670; Lower larynx, 571; 
Epiglottis, 671; Ova, 609; Sperm, 
609 ; Bursa Fabricii, 620. 

Avioula— Byssus gland, 329; Branchiae, 

886 . 

Balanida — ^Mantle, 236 ; Branchiae, 243 ; 
Dermal skeleton, 249; Cement glands, 
286 ; Hermaphroditism in, 298. 
Balanoglossus — ^Enteric branchiae, 168 ; 
Vascular system, 170 Ventral 
groove, 402. 

2 8 2 
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Bdellostoma — Bespiratoiy organs, 542; 

Branchial arteries, 579 ; Kidney, 603. 
Bees — Stomach, 262 ; Parthenogenesis 
in, 802. 

Belemnites — Shell, 334 ; Phragmocone, 
834 ; Pro-ostracnm, 834. 

Beroe — Generative organs, 123. 

Bero'ides — Gastrovascular system, 117 . 
Birds — ^Fore-limbs, 417 ; Tegnmentary 
glands, 420; Sternum, 442; Squa- 
mosal, 458 ; Foot, 489 ; Toes, 490 ; 
Dermal muscles, 493 ; Intercostal 
muscles, 496; Masticatory muscles, 
497 ; Dura mater, 512 ; Falx cerebri, 
512; Brachial plexus, 514; Sacral 
plexus, 514 : Crural plexus, 515 ; 
Optic bulb, 629 ; Pecten, 631 ; Lens, 
631 ; Lachrymal glands, 682 ; Lachry- 
mal ducts, 533 ; Ductus endolympha- 
ticus, 634 ; Labyrinth, 535 ; Palate, 
546; Turbinate bones, 547; Kasai 
cavities, 548; Kasai glands, 548; 
Buccal cavity, 549 ; Teeth, 551 ; 
Tongue, 552 ; Bucc^ glands, 553 ; 
Thyroid gland, 654; Stomach, 657; 
Crop, 657 ; Proventriculus, 658 ; 
Mid-gut, 561 ; Hind.gut, 562 ; Caeca, 
662 ; Liver, 663 ; Lungs, 673 ; Heart, 
583 ; Arterial arches, 583 ; Carotids, 
687; Visceral arteries, 689; Verte- 
bral veins, 591 ; Benal veins, 594 ; 
Inferior vena cava, 595 ; Arterial 
retia, 597 ; Lymph sinuses, 599 ; 
Lymphatic glands, 600 ; Thymus, 
600; Benal organs, 604; Ova, 609; 
Ovaries, 613 ; Oviducts, 614 ; Testes, 
614. 

Boa — Heart, 682. 

Bohadschia— Cuvierian organs, 216. 
Bombinator — Vertebrae, 432. 

Bombyx — Kervous system, 259. 

Bonellia — Cerebral mass, 148 ; Alimentary 
canal, 161; Vascular system, 170; 
Excretory organs, 174. 

Borlasia — Blood-corpuscles, 172. 
Bothiyocephalus — Male organs, 181 ; 

Female organs, 182. 

Botryllus— -Colonies, 891, 

Bowerbankia — Alimentary canal, 160. 
Brachiata — ^Arms, 196. 

Brachionus — Excretory organ, 174. 
Brachiopoda — General review, 306 ; Clas- 
sification, 806; Bibliogiaphy, 307; 
Form of body, 307; Mantle-folds, 
307; Shells, 807; Tentacles, 308; 
Integument, 808 ; Arms, 809 ; Gills, 
309 ; Muscular system, 309 ; Kervous 
system, 310; Sensory organs, 810; 
Alimentary canal, 310; lleoparietal 
band, 811 ; Excretory organs, 812 ; 
Generative organs, 818. 
Brachycephalus — Den:^! bones, 425. 
Brachyora— Branchi89,243; Ventral chord, 
254 ; Heart, 281 ; Male organs, 295. 


Bradypus — Cervical vertebras, 486; J ugal, 
4^ ; Pelvis, 486j Cuneiform, 490. 

Branchiata — Appendages, 238; Kervous 
system, 255 ; Heart, 280 ; Germ 
gland, 292. 

Branchiobdella — ^Vascular system, 168 ; 
Excretory organs, 176; Generative 
organs, 189. 

Branchiomma — Visual organs, 166. 

Branchiopoda — Shell, 236; Gnathites, 
239 ; Branchiae, 242 ; Dermal skele- 
ton, 249; Caeca, 268; Liver, 274; 
Germ glands, 294. 

Branchipus — Larva, 284 ; Eyes, 266 ; 
Germ glands, 294. 

Brisinga — Bays, 196 ; Anus, 208 ; Ccelom, 
216 ; Generative organs, 225. 

Bryozoa — Form of body, 129; Gtemmation, 
132 ; Tentacles, 134, 136 ; Cilia, 138 ; 
Cells, 139 ; Muscular system, 148 ; 
Kervous system, 148; Tactile setae, 
152 ; Alimentary canal, 161 ; Liver, 
165 ; Coelom, 166 ; Generative organs, 
179. 

Buocinum — Siphon, 322; Crop, 361; 
Penis, 386. 

Bufo — Branchial arches, 471 ; Stomach, 
557 ; Testes, 612. 

Bags — Stomach, 272 ; Cement glands, 
303. 

Bulla — Copulatory organs, 884. 

Bullaea — Copulatory organs, 884, 

Bursaria — Contractile vesicles, 86. 

Buteo — Thoracic vertebrae, 441; Sternum, 
443; Hind-limb, 490; Thyroid gland, 
554; Thymus, 555; Stomach, 557; 
Heart and vessels, 588. 

Caducibranohiata — Muscles of append- 
ages, 498 ; Vagus, 522; External gills, 
545 ; Cephalic arteries, 586. 

Calcispongiae — Skeleton, 105 ; Amphi- 
discB, 105 : Gastric system, 112. 

Calf— Prosencephalon, 608 ; Spinal chord 
611. 

Callianiridae — Tentacular organ, 103. 

Calveria — ^Pedicellariae, 206. 

Calyoozoa — Organisation of, 99. 

Calymnidse — Tentacular organs, 103. 

Calyptrsea — Branchise, 338. 

Camelidee — Testes, 61^ 

Campanularia — Tentacles, 93, 101 ; Gormi 
of, 93 ; Tests, 104. 

Campanulaxiae — ^Buds of, 95. 

Campodea — Feet, 246 ; Tracheae, 288. 

Canis — ^Pancreas Aselli, 600. 

Capitella — ^Kervous system, 149; Vas- 
cular system, 170. 

Caprella — Heart, 280. 

Carabidae — Ventral chord, 254 ; stomach, 
262 ; Ovary, 801. 

Carcharias — Spiral valve, 560; Ovaries 
611. 

Carohesinae— Stalk, 83. 
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Caromus — Nervons system, 264. 
Cardinm— Nervous system, 346 j Ccelom, 
367. 

Caridina — Male organs, 295. 

Carinaria— Shell, 325, 332; Cutis, 328; 
Branohiee, 388; Commissures, 348; 
Excretory organs, 377. 

CarinatiD — Fore-limbs, 417 ; Ploughshare 
bone, 435; Sternum, 443; Clavicle, 
477 ; Furcula, 477 ; Syrinx, 672. 
Carmarina — Generative organs, 122. 
Carnivora — Nipples, 422; Dorso-lumbar 
vertebrro, 437 ; Tympanic bone, 466 ; 
Clavicle, 477 ; Symphysis pubis, 486 ; 
Cerebellum, 610; Tentorium cere- 
belli, 612 ; Tapetum, 630 ; Optic 
muscles, 631 ; Turbinate bones, 547 ; 
CcDcum, 662 ; Liver, 664 ; Venae 
caveo, 693 ; Kenal organs, 605 ; 
Uterus, 615 ; Hymen, 616 ; Ovaries, 
617 ; Yas deferens, 618 ; Cowper’s 
glands, 624. 

Cary ophyllaei— Segmentation of, 129. 
Cassiopeia — Discophora form of, 99. 
Cassis — Proboscis, 861; Salivary glands, 
364. 

Castor—Tyson’s glands, 624. 

Casuarius — Lymphatic hearts, 699. 

Cat — Prosencephalon, 508. 

Cat allacta— Cells of, 19. 

Cataphracta — Infraorbital bones, 455 ; 
Thoracic fin, 479. 

Caterpillar— Spines, 260 ; Enteron, 211 ; 

Tracheae, 287. 

Cavia — Uterus, 615. 

Cccidomyiae — Parthenogenesis in, 802. 
Centrophorus — Dermal denticles, 423. 
Cephma — Discophora form of, 99. 
Cephalopoda— Cartilage cells, 26, 27; 
He^, 824 ; Tentacles, 326 ; Suckers, 
327 ; Chromatophores, 328 ; Integu- 
mentary glands, 329; Shell, 832; 
Eespiratory organs, 340; Internal 
skeleton, 341 ; Muscles, 343 ; Ner- 
vous system, 350; Buccal ganglia, 
361; Olfactory organs, 353; Eye, 
864 ; Auditory organs, 366 ; Alimen- 
tary canal, 868; Jaws, 860; 'Radula, 
860; Pharynx, 362 ; Salivary glands, 
864; Liver, 866; Ink-bag, 367; 
Coelom, 367 ; Heart, 873 ; Excretory 
organs, 879; Nidamental glands, 387 ; 
Generative arms, 387 ; Spermato- 
phores, 387. 

CerambicidsB— Ventral chord, 268. 
Ceratodus— Operculum, 465; Fin, 477; 
Abdominal pore, 674; Conus arte- 
riosus, 678. 

Ceratophrys— Dermal bones, 426. 
Cercarise— Stylets, 141. 

Cereanthus- Colonies, 100; Pore, 117; 

Generative organs, 123. 

Cervns— Btemum, 443. 

Cesto^ar-Fonn of body, 129 ; Segmenta- 


tion, 130; Cystic form, 130; Cysti- 
cercus form, 131; Coenurus, 131; 
Echinococcus, 181; Cilia, 137; Aci- 
culi, 140 ; Suckers, 143 ; Pigment 
spots, 164 ; Enteron, 159 ; Excretory 
organ, 172 ; Generative organs, 180 ; 
Genital pore, 184. 

Cetacea — Nipples, 422; Vertebral column, 
436 ; Ribs, 441 ; Nasals, 466 ; Ptery- 
goids, 466; Fore-limbs, 472; Sym- 
physis pubis, 484 ; Sclerotic, 630 ; 
Lachrymal glands, 637 ; Auditory 
meatus, 639 ; Milk teeth, 649 ; Buc- 
cal glands, 663 ; Stomach, 658 ; Mid- 
gut, 661; Venae cavro, 693; Renal 
organ, 606 ; Uterus, 615 ; Testes, 
618; Vas deferens, 618; Cowper’s 
gland, 624. 

Chffitoderma — Ventral surface, 130 ; Ner- 
vous system, 152 ; Enteric branchiae, 
164. 

Chaetognathi — Muscular system, 142 ; 
Muscular fibres, 145; Lateral line, 
143 ; Alimentary canal, 160 ; Gene- 
rative organs, 186. 

Chaetopoda — Tentacles, 133, 134; Para- 
podia, 134 ; External Branchiae, 135 ; 
Cilia, 138; Dermal glands, 141; 
Longitudinal nerve-trunks, 149 ; Vis- 
ceral nerves, 151 ; Tactile setae, 152 ; 
Visual organs, 155 ; Muscular 
stomach, 162; Fore-gut, 163; Vas- 
cular system, 169 ; Excretory organ, 
178 ; Generative organs, 189. 

Chama — Respiratory cavity, 320; Renal 
ducts, 376 ; Genital canal, 381. 

Chamaoleon — Episternum, 444 ; Ilium, 484; 
Eyelids, 532 ; Tympanic membrane 
638. 

Charybdea — ^Marginal vesicles, 110. 

Chelonii — Scales, 418; Dermal bones, 
426; Plastron, 426; Processes of 
vertebrae, 433 ; Caudal vertebrae, 434 ; 
Ribs, 439 ; Columella, 458 ; Covering- 
bones of skull, 469; Ethmoid, 459; 
Palato-quadrate, 459 ; Dentaries, 462 ; 
Hyoid, 472; Shoulder-girdle, 475; 
Fore-limb, 481; Toes, 490; Meten- 
cephalon, 507 ; Spinal chord, 611 ; 
Sclerotic, 630; Lachrymal glands, 
632; Turbinate bones, 647; Homy 
teeth, 560; Tongue, 562; Stomach, 
667; Hind-gut, 661; Liver, 664; 
Mesentery, 666 ; Larynx, 670; Lungs, 
678 ; Abdominal pore, 674 ; Heart, 
681 ; Arterial arches, 682 ; Arteriae 
intercostales, 689 ; Renal veins, 694 ; 
Lymph sinusos, 699 ; Lymph hearts, 
699; Thymus, 600; Testes, 614; Allan- 
tois, 670 ; Copulatory organs, 621. 

Chely dra — ^Aortic arches, 688 ; Lymphatic 
system, 698 ; Generative organs, 616. 

Ohelys— Premaxillee, 462. 

Chevrenlius-r-Mantle, 894, 
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Ohiastoneura — Nervons system, 348; 
Commissures, 848. 

Ghilodon — Pharynx, 86. 

Ghilopoda — Tracheae, 288. 

Chimaera — ^Vertebral oolnmn, 428; Caudal 
region, 431; Vertebrae, 489; Hyo- 
mandibular, 460; Fin, 478; Spinal 
chord, 510 ; Branchial lamella, 644 ; 
Fore-gut, 656; Mid-gut, 659; Ab- 
dominal pore, 674 ; Conus arte- 
riosus, 678; Aorta, 686; Oviducts, 
611 ; Oopulatory organ, 611. 

Chimpanzee—Dermal muscles, 483. 

Chirodotae — Alimentary canal, 214; Lungs, 
216 ; Excretory organs, 224. 

Chiroptera — Nipples, 422; Dorso-lumbar 
vertebrae, *437; Premaxijlae, 460; 
Centrale, 482 ; Symphysis pubis, 
484; Cerebellum, 610; Snblingua, 
653 ; Uterus, 615 ; Testes, 618 ; 
Penis, 622. 

Chiton — Spicules, 330; Nervous system, 
844. 

Chreseis — Tentacles, 326; Shell, 332; 
Excretory organs, 377. 

Chrysomitra — Generative organs, 97. 

Cicadae — Organs of voice, 260; Hind- 
gut, 273; Malpighian vessels, 277. 

Ciconia — Carpus, 481. 

Cicindelae — Stomach, 272. 

Cidaris — Skeleton, 201, 206 ; Spines, 
206 ; Stone-canal, 222. 

Ciliata — Cilia, 77 ; Mouth, 84 ; Peristoma, 
85 ; Pharynx, 86 ; Nucleolus, 89. 

Cirratulus — Ganglia, 160. 

Cirripedia — Mantle, 326; Cirri, 239; 
Branchiae, 243 ; Dermal skeleton, 249 ; 
Optic nerve, 263 ; Ventral chord, 263 ; 
Eyes, 264; Enteron, 269; Liver, 
274; Cement-glands, 286; Herma- 
phroditism in, 293 ; Seminal ele- 
ments, 304. 

Cladocera — Shell, 236 ; Eye, 266; Heart, 
280 ; Germ-glands, 294. 

Cladolabes — Polian vesicle, 223. 

Cladonema — Tentacles, 101. 

Clarias — Branchial coil, 646. 

Clepsine — Ganglia, 160; Mid-gut, 162; 
Vessels, 167 ; Excretory organ, 177 ; 
Generative organs, 187. 

Clio— Bespiratory organs, 339; Nervous 
system, 849. 

Clupea — Optic nerve, 516; Branchial coil, 
545 ; Generative system, 610. 

Clupeids^Vertebr8B,&9; Labyrinth, 688. 

Glubiona — ^Trachem, 291. 

Clypeastrida — Skeleton, 204 ; Mastica- 
tory apparatus, 20^ 214; Stone- 
caxial, 222. 

Ooocidse — ^Pseudova, 802. 

Coleoptera — ^Thorax, 287 ; GhiathiteB, 
245; Elytra, 247; Wings, 248 1 
Dermal Skeleton, 249; Spinning ves- 
sels, 260; Ventr^ chord* 264; Audi- 


tory organ, 262; Stomach, 272; 
Mid-gut, 272 ; Salivary glands, 278 ; 
Nervus recurrens, 259; Malpighian 
vessels, 277; Trache®, 288; Ovary, 
802; Bursa oopulatiix, 303; Testis, 
804; Oopulatory organs, 806. 

Coleps— Carapace, 83. 

Collembola — Gnathites, 246 ; Ventral 
chord, 258; Excretory organ, 276; 
Trache®, 288. 

CoUid® — Skeleton, 82. 

Columb® — Stomach, 668. 

Ccecili® — Dermal bones, 424 ; Vertebr®, 
433 ; Eustachian tube, 637 ; Auditory 
ossicles, 638 ; Kidneys, 604 ; Ureter, 
604 ; Testes, 612 ; Cloaca, 613. 

Coelenterata — Classification, 90, 91 ; Meso- 
derm, 90 ; Ocnnenchyma, 93 ; Biblio- 
graphy, 91 ; Form of, 91 ; Gastrula, 
92 ; Hydranth, 93 ; Sensory organs, 
109; Alimentary canal, 111; Ova, 
124; Seminal filaments, 124. 

Offilogenys — Uterus, 616. 

Comatula — Centro-dorsal, 204; Pinnul®, 
204; Nervous system, 209; Alimen- 
tary canal, 213 ; Blood-vessels, 218 ; 
Generative organs, 226. 

Conchifera — Shell-gland, 331. 

Conus — Proboscis, 361. 

Convoluta — Auditory organ, 156. 

Copelata — Form of body, 390; Mantle, 
893; House, 893; Nervous system, 
896 ; Auditory organ, 398 ; Branchial 
sac, 800 ; Enteron, 403 ; Heart, 404 ; 
Sexual organs, 406. 

Copepoda — ^Appendages, 238 ; Gnathites, 
239 ; Optic nerves, 263 ; Ventral 
chord, 264 ; Eye, 226 ; C®ca, 268 ; 
Enteron, 269 ; Excretory organs, 276 ; 
Heart, 280 ; Germ-glands, 293. 

Corallium — Skeleton, 106 ; Generative 
organs, 123. 

Cordylophora — ^Tentacles, 93. 

Corethra— Stigmata, 289. 

Coronula — Nervous system, 254; Liver, 
274. 

Corvina — ^Air-bladder, 468. 

Ooryoaidar— Ventral chord, 264; Byes, 
265 ; Germ-glands, 293. 

Corynaotis — Urticating capsule, 104. 

Coryne — Tentacles, 93 ; Buds, 95. 

Crabro— Stomach, 272. 

Crane — ^Traohei^ 672. 

Craniota — Cranium, 427; Branchial skele- 
ton, 427, 445, 468; Appendicular 
skeleton, 428 ; Vertebral column, 
428; Cephalic skeleton, 446; Skull, 
445, 447 ; Nervous system, 601 ; 
Medullaiy tube, 502 ; Peripheral 
nerves, 618 ; Glossophaxyngeid, 618; 
Visceral nerves, 528 ; Eespiratory 
cavity, 541; Branohi®, 566; CEso- 
phagus, 556; Stomach, 556; Liver, 
568; Heart, 576, 577 Lymphatic 
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hearts, 576, 598 ; Blood-vasonlar 
system, 576; Excretory organs, 601 ; 
Arohinephrio dnot, 602. 

Crania — Cssoa, 811. 

Craspedosoma — Generative organs, 299. 

Crayfish — Green-gland, 286 ; Male organs, 
295. 

Crepidnla — Branchiae, 888. 

Cricetus — Generative organs, 618. 

Crinoida — Pinmilae, 196; Arms, 199; 
Tentacles, 200; Dermal skeleton, 203; 
Muscular system, 207; Alimentary 
canal, 218; Coelom, 217; Blood- 
vessels, 218; Stone-canal, 222; Ex- 
cretory organs, 224. 

Crocodilini — Centra of vertebrae, 433 ; 
Processes of vertebrae, 483; Caudal 
vertebrae, 484; Axis, 437; Ribs, 
489 ; Sternum, 442 ; Epistemum, 
444; Covering-bones of skull, 459; 
Lachrymal, 459 ; Palato-quadrate, 
459 ; Pterygoids, 461 ; Palatines, 
461 ; Maxilla, 462 ; Hyoid, 472 ; 
Shoulder-girdle, 476; Carpus, 481; 
Phalanges, 481 ; lUum, 484 ; Pelvis, 
485; Tarsus, 488; Toes, 490; Cal- 
oaneum, 490; Abdominal ribs, 496; 
Diaphragm, 499, 674; Metencephalon, 
507 ; Optic bulb, 529 ; External ear, 
638; Turbinate bone, 647; Nasal 
glands, 648; Teeth, 550; Stomach, 
657; Mid-gut, 661; Liver, 664; 
Mesentery, 666 ; Larynx, 570 ; Lungs, 
673; Abdominal pore, 674; Coelom, 
674; Heart, 582; Arterial arches, 
682 ; Carotids, 687 ; Arterise inter- 
costales, 689; Renal veins, 694; 
Lymph sinuses, 699; Thymus, 600; 

' Testes, 614 ; Copulatory organs, 621. 

Crow — Syrinx, 672. 

Crustacea — Blood-corpuscles, 29 ; Der- 
mal branchiae, 46; Form of body, 
234; Nauplius stage, 236; Head, 
235 ; Cephalothorax, 235 ; Appen- 
dages, 288 ; Branchiae, 240 ; Integu- 
ment, 248; Spines or setae, 2^; 
Muscular system, 251; Optic nerves, 
263 ; Visceral nervous system, 254 ; 
Tactile rods, 260 ; Olfactory organs, 
261; Simple eyes, 266; Compound 
eyes, 266; Faceted eye, 267; Ali- 
mentary canal, 267 ; Masticatory 
stomach, 268 ; Salivary glands, 273 ; 
Liver, 276; Excretory organs, 276, 
286 ; Fat bodies, 278 ; Copulatory 
organs, 299 ; Seminal elements, 
805. 

Cryptobranchus — Hind-limb, 488; Lungs, 

678 . 

Cryptoohiton — Spicules, 380. 

Cunina. — Cartilage cells, 26; Gelatinous 
disc, 107 ; Marginal vesicles, 110. 

Curoulionidas — Ventral chord, 2^. 

Cuvieria — Integument, 207* 


Cyonea — ^Marginal filaments, 102. 

Cyclas — Byssus gland, 329; Auditory 
organ, 366. 

Cyclifera — Bony plates, 424. 

Cyclomyaria — Chorda, 394 ; Axial organ, 
894 ; Auditory organ, 898 ; Enteron, 
404; Gill, 406. 

Cyclops — Nauplius stage, 234; Appen- 
dages, 238. 

Cyclostoma — Lung, 839. 

Cyclostomata — Nerve fibres, 33 ; Verte- 
bral column, 428; Vertebrae, 438; 
Skull, 447 ; Branchial skeleton, 468 ; 
Muscles, 492 ; Brain, 504 ; Spinal 
chord, 610 ; Optic nerves, 616 ; Glos- 
sopharyngeal, 618 ;' Homy teeth, 
642 ; Hypobranchial groove, 653 ; 
Fore-gut, 556; Mid-gut, 659; 
Branchial artery, 679 ; Caudal vein, 
679 ; Kidney, ^3 ; Cloaca, 619. 

Cydippidae — Axes, 101; Grappling lines, 
103 ; Gastric system, 117. 

Cymbulia — Hermaphrodite glands, 382, 

Cymbulidae — Foot, 324. 

Cynips — Stomach, 272. 

Cynthia — Muscular system, 396. 

Cyprinoids — Caudalregion, 431 ;Vertebr 80 , 
439 ; Beards, 525 ; Gustatory organ, 
525 ; Auditory organ, 634 ; Sacculus, 
634. 

Cythera — ^Nervous system, 346; Audi- 
tory vesicle, 357. 

Dactylethra — Tongue, 652. 

Dactylogyrus — Visual organs, 164. 

Daphnia — Figure of, 268 ; Caeca, 268 ; 
Respiration in, 269. 

Daphnida — Branchiae, 243. 

Dasypus — Pterygoids, 4*66; Pelvis, 486; 
Dermal muscles, 493. 

Dasyurus — Tympanic bone, 466. 

Decapoda — Cephalothorax, 236 ; Appen- 
dages, 239 ; Mandibles, 239 ; Maxillae, 
239; Maxillipeds, 239; Locomotor 
appendages, 239 ; Feet, 240 ; Bran- 
chiae, 242; Ventral chord, 254; Au- 
ditory vesicles, 261 ; Masticatory 
stomach, 268; Liver, 274; Heart, 
281 ; Male organ, 296 ; Seminal 
elements, 305. 

Delphinoidea — - Teeth 661 ; Pancreas 
Aselli, 600. 

Dentalium — Auditory vesicle, 367. 

Derostomum — ^Auditory organ, 166. 

Derotremata — Branchial arches, 471 ; 
Eyelids, 629 ; External gills, ^5. 

Desmosticha — Ambulacra, 197; Integu- 
ment, 204. 

Dibranchiata-~Fannel^ 825; Arms, 826; 
Internal skeleton, 842 ; Nervous 
system, 850; Eye, 356; Salivary 
glands, 364; Liver, 866; Ink-bag, 
869; Auricles, 869; Veins, 874; 
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Branchial heart, 874 ; Excretory 
organs, 879. 

Dictocj^a — Shell, 83. 

Dioyema— Organism of, 68, 69. 

Didelpbia — Nipples, 422 j Manus, 482. 

Didelphys — ^Vagina, 621 j Erectile bodies, 
628. 

Bidemnum — Colonies, 391. 

Difflugia — Supporting organs, 81. 

Digifcigrada — !^lux, 491. 

Dimyaria — Internal skeleton, 842 j Mouth, 
359. 

Dinosaurii — Pelvis, 486. 

Diphyidee — ^Nectooalyces, 96 j Generative 
organs, 121. 

Biplopoda — Nervous system, 266. 

Dipnoi — ^Vertebral column, 428 j Caudal 
region, 431 ; Nasal canal, 621 j Vesti- 
bule, 634; Air-bladder, 668; Blood, 
corpuscles, 676; Conus arteriosus, 
678; Oviduct, 611. 

Biptera — Thorax, 237; Set8a,246; Labrum, 
246; Wings, 248; Halteres, 248; 
Ventral chord, 259 ; Auditory organ, 
262; Stomach, 272; Mid-gut, 272; 
Salivaiy glands, 274 ; Malpighian 
vessels, 277 ; Tracheal vessels, 289 j 
Ovary, 302; Cement glands, 303. 

Biscophora — Marginal filaments, 102 ; 
Gelatinous disc, 107 ; Muscular 
system, 108 ; Marginal vesicles, 110 ; 
^stro- vascular system, 114 ; Gastric 
filaments, 116; Generative organs, 
122 . 

Distoma — Enteron, 168; Excretory or- 
gans, 174; Shell-gland, 183. 

Dog— Manus, 483 ; Pelvis, 486. 

Doholum — ^Larvse, 390; Sensory organs, 
397; Branchial slits, 402; Ventral 
groove, 403 ; Sexual organ, 404. 

Dolium— Siphon, 822; Proboscis, 361; 
Salivary glands, 364 ; Penis, 385. 

Dolphin — Fore-limb, 482. 

Dorididffi — Branohiss, 338. 

Doridopsis — ^Liver, 366. 

Doris— Branchire, 838 ; Arms, 362 ; Sali- 
vary gland, 364; Liver, 366; Ves- 
sels, 372 ; Beceptaculum seminis, 
384. 

Dromsens — ^Auricle, 477; Columella, 638. 

Dysdera — ^Trachem, 291. 

Dyssyous — Gastric system, 112. 

Dytiwus — ^Visual organ, 268; Stomach, 
272 ; Hind-gut, 278. 


Bcardines — Shell, 808 ; Vascular system, 
312 ; Generative organs, 313. 
Echidna — Pterygoids, 466 ; Dermal 
muscles, 493 ; Canals of Gartner, 617. 
Echinida — Mastioatory organs, 214 ; 
Stone-canal, 222. 

Eohinocuoumis — Integument, 207; 
“ Lungs,” 216. 


Eohinoderes — ^Nervous system, 146; Ex- 
cretory organ, 174. 

Echinoderma — General review, 192 ; 
Classification, 198 ; Bibliography, 
194 ; General form, 194 ; Larvae, 194 ; 
Muscular system, ^7 ; Nervous sys- 
tem, 208 ; Sensory organs, 210 ; 
Alimentary canal, 211 ; Vessels, 217 ; 
Water vessels, 219 ; Stone-canal, 220 ; 
Excretory organs, 224; Generative 
organs, 224. 

Echinoida — Dermal branchiae, 200 ; Cal- 
careous skeleton, 202 ; Dermal 
skeleton, 205 ; Internal skeleton, 
205 ; Pedicellariae, 206 ; Masticatory 
apparatus, 206, 214; Spines, 206; 
Muscular system, 207 ; Nervous sys- 
tem, 209 ; Blood-vessels, 218 ; Stone- 
canal, 222 ; Generative organs, 226. 
Eohinorhynchns — Aciculi, 140 ; Genera- 
tive organs, 186. 

Echinothurida — Dermal skeleton, 205 ; 

Masticatory organs, 214. 

Echinus— Figure, 204; Pedicellariae, 206 ; 
Nervous system, 209 ; Blood-vessels, 
218; Stone-canal, 222; Generative 
organs, 226. 

Echinrns — Ganglion cells, 148; Alimen- 
tary canal, 161; Vascular system, 
171; Excretory organs, 175. 

Edentata — Scales, 418; Carapace, 426; 
Sacral vertebrae, 436; Epistemuni, 
444 ; Turbinate bonas, 465 ; Pre. 
maxillae, 466; Centrale,482 ; Cerebral 
hemispheres, 609 ; Cerebellum, 610 ; 
Stomach, 568 ; Arterial retia, 697 ; 
Benal organs, 605 ; Testes, 618. 
Eledone — Suckers, 327 ; Copulatory or- 
gans, 328 ; Salivary glands, 364. 
Elephas — Nipples, 422; Milk teeth, 652; 
Kenal organs, 606 ; Prostatic glands, 
619. 

Elysia — Branchiae, 339. 

Enaliosaurii — Hind-limb, 488. 

Enchytroeus — Central ganglia, 149. 
Enteropneusti — Branchial skeleton, 142; 

Alimentary canal, 398. 

Entomostraca — Nauplius stage, 235 ; 
Branchiae, 243; Eye, 264; Masticatory 
stomach, 268 ; Liver, 276 ; Fat 
bodies, 278; Excretory organ, 286; 
Shell-gland, 286. 

Epeira— Eye, 266 ; Trach^, 291. 
Ephemera — Tracheal gills,^^. 
Ephemerida — Salivary glands, 274; Ec- 
dysis, 289 ; Tr8M3heal gills, 2Sk) ; Ovi- 
duct, 802. 

Bpistylis — Stalk, 83. 

Equus — Digits, 484 ; Stomach, 566. 
Erinaceus — Dermal muscles, 498. 

Ervilia— Pharynx, 86. 

Esoz— Vertebrae, 430; Cartilaginous cra- 
nium, 480; Eye, 629 ; Opercular gill 
548. 
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Eaoopidse— Marginal vesicles, 110. 
Badendriam — Tentacles, 93, 101 ; Cormi, 
94 j Figure of, 94 j Tests, 104. 

Eunice — Appendages, 136 j Vascular 
system, 169; Generative organs, 190. 
Euniceidae — Longitudinal nerve-trunks, 
149. 

Euphausia — Eye, 264. 

Euplectella — Skeleton, 106. 

Euplotes — Carapace, 83. 

Euryalida — Arms, 196 ; Integument, 
203. 

Eurylepta — Alimentary canal, 158. 

Eury stomata — Auditory organ, 638 ; 
Columella, 538. . 

Fabricia — Auditory organs, 156. 

Falco — Eye, 529. 

Fibrospongim— Skeleton, 106. 

Firolidm — Kidney, 377. 

Fishes — Corium, 417 ; Tegumentary 
glands, 420; Vertebral column, 429 ; 
Articular processes, 437 ; Ribs, 438 ; 
Hind-limb, 487 ; Intercostal muscles, 
496 ; Muscles of branchial skeleton, 
497 ; Bo. of paired appendages, 498 ; 
Electric organs, 500; Cerebellum, 
505 ; Medulla oblongata, 505 ; Ar- 
achnoid, 513 ; Spinal nerves, 514 ; 
Olfactory nerve, 515; Vagus, 517; 
Visceral nervous system, 523 ; Beards, 
524; Olfactory organs, 625; Eye, 
628; Optic bulb, 629; Lens, 531; 
Eyelids, 532; Labyrinth, 635; 
Branchial pouches, 542 ; ISnteron, 
555; (Esophagus, 556; Liver, 564; 
Mesentery, 665 ; Air-bladder, 667 ; 
Heart, 677; Bulbus arteriosus, 678; 
Branchial artery, 678 ; Carotids, 
678; Arterial arches, 679; Aorta, 
679; Arteriro interoostales, 589; 
Venous system, 590; Ductus Ouvieri, 
690; Jugular veins, 590; Cardinal 
do., 690; Caudal do., 690; Portal 
system, 690; Renal portal system, 
690 ; Inferior venae oavae, 593 ; 
Lymph sinuses, 598 ; Lymphatic 
hearts, 699 ; Lymphatic glands, 600 ; 
Ova, 609; Sperm, 609; Efferent 
ducts, 610. 

Fissurella — Branchiae, 337; Heart, 371; 
Excretory organ, 377; Generative 
glands, 386. 

Flagellata — Protoplasm, 76. 

Flea — Ovary, 801. 

Flies — Nervous system, 267. 
Flustra-Hind-gut, 161. 

Foraminifera — Protoplasm, 76 ; Shells, 
81. 

Forfioulidae — Elytra, 247. 

Formica — Masticatory stomach, 272. 
Fowl— Hyoid, 472 ; Brain, 607 ; Auditory 
organ, 633 ; Stomach, 567 ; Develop- 
ment of arteries, 687 • 


Frog— Vertebral column, 438; Brain, 
505 ; Branchial plexus, 514 ; Cephalic 
arteries, 686 ; Arterial system, 686 ; 
Renal veins, 694. 

Fungiee— Colonies, 100; Skeleton, 106. 

Gadus — Skull, 462 ; Shoulder-girdle, 476. 
Galeodea — Nervous system, 266; Ganglia, 
256; Digestive organs, 270; Lungs, 
291 ; Generative organs, 297. 

Gh.leus — Ovaries, 610. 

Gallinm— Caeca, 662. 

Gammarus — Heart, 280. 

Ganoidei — Vertebral column, 429 ; Trans- 
verse processes, 431 ; Fin rays, 432 ; 
Ribs, 439; Cartilaginous cranium, 
450; Mandibular apparatus, 453; 
Operculum, 455 ; Shoulder-girdle, 
475 ; Thoracic fin, 478 ; Pelvic-girdle, 
484 ; Ventral fin, 487 ; Olfactory 
lobes, 604 ; Thalamencephalon, 504 ; 
Sinus rhomboidalis, 605; Medulla 
oblongata, 605 ; Optic nerves, 617 ; 
Ciliary processes, 630; Spiracle, 637; 
Spiracular cleft, 543 ; Teeth, 550 ; 
Enteron, 655; Spiral valve, 660; 
Air-bladder, 567 ; Conns arteriosus, 
678 ; Aorta, 585 ; Kidneys, 604 ; 
Mullerian ducts, 610 ; Cloaca, 619. 
Gasteropoda — Y elum, 319 ; Foot, 321, 323 ; 
Mantle, 322 ; Siphon, 822 ; Tentacles, 
326, 352 ; Integumentary glands, 329; 
Shell, 332 ; Operculum, 335 ; Branchiae, 
837 ; Internal skeleton, 341 ; Cerebral 
ganglia, 347 ; Buccal ganglia, 351 ; 
Olfactory organs, 352; Visual or- 
gans, 853; Auditory organs, 356; 
Alimentary canal, 368; Jaws, 360; 
Circulatory centres, 368, Auricles, 
369, 373 ; Heart, 371 ; Vessels, 371 ; 
Blood-fluid, 375; Excretory organ, 
877 ; Generative organs, 381 ; Effe- 
rent ducts, 882. 

Grasterostomum — ^Pharynx, 158. 
Geckotidae— Teeth, 651. 

Geophilus — Nervous system, 225. 
Gephyrea — Incomplete metamerism, 310 ; 
Respiration in, 136 ; Integument, 
136 ; Cilia, 137 ; Dermal glands, 141 ; 
Cerebral mass, 148 ; Alimentary 
canal, 161 ; Vascular system, 170 ; 
Excretory organs, 174; Generative 
organs, 189. 

Gerardia^Generative organs, 122. 
Gbryonidae — Nervous system, 109 ; Mar- 
ginal vesicles, 110. 

Glomeris — ^Enteric canal, 271 ; Tracheae, 
288. 

Glyoera — ^Visceral nerves, 161 ; Vascular 
system, 170. 

Glyceridse — Blood-corpuscles, 172. 
Gnathostoma — Nerve.fibreB,33; Cranium, 
447 ; Lower jaws, 448 ; Pi^to-quad- 
rate> 448; Dermal muscles, 492; 
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Optic nerves, 616 5 Semioircnlar 
canals, 634; Hypobranchial groove, 
664. 

Goat— Skull, 468. 

Gordiaoea — AHmentary canal, 160 5 Ex- 
oretory organs, 173, 

Gordins — ^Ijimentaiy canal, 160 ; Ex- 
cretory organs, 173 ; Generative 
organs, 186. 

Grallatores — Optic bulb, 629; Pecten, 
681. 

GregarinsB— Sensory organs, 42; Form 
of, 76 ; Cnticnlar layer, 78 ; “ Head,” 
80; Nutrition in, 83 ; Figure of, 87; 
Heproduotion in, 87; Psendonavi- 
cellsD, 87. 

G3annol8emata — Cells, 139. 

Gymnophiona — Bibs, 439, 

Gynmosomata — Cepbaloooni of, 826 ; Be- 
spiratory organs, 839. 

Gymnotus — ^Electric organs, 600. 

Haliotis — Epipodium, 824 ; Branchiso, 
837 ; Ganglionic chain, 347 ; Heart, 
871; Excretory organs, 877; Germ- 
gland, 385. 

Halisarca — Ectoderm, 103; Sexual organs, 
119. 

Halmatums— Nipples, 422; Veins, 691; 
Erectile bodies, 623. 

Harpa — Siphon, 823 ; Proboscis, 361 ; 
Penis, 886. 

Hedessa — Caeca, 268. 

Helicinae — Shell, 332 ; Lung, 839 ; Sper- 
matophores, 883 ; Beceptaculum 
seminis, 383. 

Heliozoa — Protoplasm, 76. 

Helix— Tentacles, 826; Haemal spaces, 
873 ; Hermaphrodite glands, 882 ; 
Generative apparatus, 883. 

Hemiptera — Setae, 246; Wings, 248; 
Ventral chord, 269; Stomach, 272; 
Hid-gut, 272; Malpighian vessels, 
277 ; Generative organs, 802 ; Testis, 
304. 

Hermella — Tentacles, 134 ; Appendages, 
136 ; Ganglia, 1^ ; Vascular system, 
170. 

Heterakis — ^Alimentary canal, 169. 

Heteropoda — Gelatinous tissue, 26; Shell, 
822, 882; Foot, 824; Cutis, 828; 
Branchiae, 836; Muscular system, 
842; Commissures, 848; Olfactory 
organ, 862 ; Eye, 864 ; Auditory 
vesicles, 867; Baidula, 360; Crop, 
861 ; Excretory organs, 878 ; Becep- 
taculum seminis, 886 ; Penis, 886. 

Heterotricha — Cilia, 79. 

Hippolyta — ^Auditory vesicles, 261. 

Hirudinea— Bespiiadon in, 186; Integu- 
ment, 186 ; Dermal glands, 141 ; 
Muscular system, 142 ; Muscular 
fibres, 144; Nervous system, 149; 
Ventral ganglia, 160; Viscera nerves 


161 ; Cup-shaped organs, 168 ; Vis- 
ual organs, 154; Fore-gut, 162; 
Enteric glands, 164; Vascular sys- 
tem, 167; Excretory organs, 177; 
Generative organs, 186; Generative 
products, 190, Spermatophores, 191. 

Hirudo — Vascular system, 167 ; Excretory 
organs, .177 ; Generative organs, 187. 

Histiotheutis — ^Eye, 355. 

Hcemopis — l^d-gut, 162; Generative or- 
gans, 187 ; Generative products, 190. 

Holothuria — Alimentary canal, 214; Polian 
vesicles, 223. 

HolothurisD — Integument, 207. 

Holothuroida — ^Ambulacra, 197; Tentacles, 
200 ; Calcareous skeleton, 202 ; In- 
tegument, 206 ; Internal skeleton, 
207 ; Muscular system, 208 ; Nervous 
system, 210; Sensory organs, 210; 
Alimentary canal, 211, 214; ** Lungs,” 
215; CoBlom,217; Blood-vessels, 218; 
Stone-canal, 221 ; Polian vesicles, 
222; Water-vessels, 223; Excretory 
organs, 224 ; Generative organs, 226. 

Holotricha — Cilia, 79. 

Homarus — Male organs, 295. 

Hyaena — Kidney, ^5. 

Hyaleidae — Foot, 824; Bespiratory or- 
gans, 839; Hermaphrodite glands, 
882. 

Hyalonema — Skeleton, 106. 

Hydra — Neuromuscular ceUs, 80 ; Cormi, 
94. 

Hydrae — Generative buds, 120. 

Hydractinia — Tentacles, 93, 101; Buds, 
95; Polymorphism in, 95; Tests, 104, 

Hydriformes — Muscular system, 108. 

Hydrobius — Generative organs, 308. 

Hydrochaerus — ^Uterus, 615. 

Hydroida — Musculature, 89 ; Tentacles, 
93; Medusae, 93; Buds, 95; Tests, 
104 ; Supporting lamella, 107 ; 
Nervous system, 109 ; Gastrovascular 
system, 114 ; Ova, 124. 

Hydroid Polyps — Flagellate cells, 21. 

Hydromedusae — Tentacles, 101; Muscu- 
lar system, 108; Marginal vesicles, 
110 ; Gastric system, 115; Pigmented 
investment of stomach, 118 ; Separate 
sexes, 120. 

Hydrophilus — Development, 246. 

Hymenoptera — Gnathites, 246; Linguae, 
246; Paraglossae, 246; Wings, 248; 
Dermal skeleton, 259; Wax organs, 
250; Spinning vessels, 250 ; Ventral 
chord, 259; Stomach, 272; Malpi- 
ghian vessels, 277 ; Tracheal vesicles, 
289 ; Generative organs, 802 ; Testis, 
804. 

Hyperida— Optic nerves, 268; Auditory 
vesicles, 261. 

Hypotricha-^ilia, 79. 

Hyrax— Dorso-lumbar vertebrae, 486 ; 
Testes, 618* 
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lohnenmonida — Mid-gat, 272 $ Cement- 
glands, 303. 

lohthyornis — ^Teeth, 651. 

Infusoria — Sensory organs, 42 ; Alimen- 
tary canal, 47 ; Protoplasm, 77 ; 
Nucleus, 77; Outicular layer, 78; 
Figure of, 79; Skeleton, 83; Con- 
tractile vacuoles, 85; Conjugation, 
89. 

Insecta — ^Alimentary canal, 48; Head, 
235 ; Metameres, 237 ; Thorax, 237 ; 
Gnathites, 244 ; Mouth organs, 245 ; 
Feet, 245 ; Mandibles, 245 ; Mazillas, 
245 ; Feet, 246 ; Dorsal appendages, 
247 ; Wings, 247 ; Integument, 248 ; 
Spines, 250; Spinning vessels, 250; 
Nervous system, 257 ; Ganglia, 258 ; 
Visceral nerves, 259 ; Nervus reour- 
rens, 259; Nervi transversi accessorii, 
260; Tactile rod^ 260; Olfactory 
organs, 261 ; Auditory organs, 261 ; 
Simple eye, 265; Compound eyes, 
266 ; Faceted eye, 267 ; Enteric 
canal, 270 ; Malpighian vessels, 271, 
273, 276; Hind-gut, 273; Salivary 
glands, 274; Subneural cavity, 279; 
Blood-cells, 280; Aim cordis, 283; 
Circulatory organs, 283 ; Aorta, 283 ; 
Ecdysis, 289 ; Germ-glands, 292 ; 
Generative organs, 300, 304; Par- 
thenogesis, 302 ; Pseudova, 302 ; 
Seminal elements, 305; Copulatory 
organ, 305. 

Insectivora — Centrale, 482 ; Symphysis 
pubis, 486; Fibula, 4^; Cerebral 
hemispheres, 509 ; Yenm cavm, 592 ; 
Testes, 618; Vesiculm seminales, 618 ; 
Prostatio vesicles, 619. 

Isopoda — Branchim, 241 ; Ventral chord, 
255; Compound eyes, 267; Chyle 
intestine, 268; Liver, 275; Heart, 
280 ; Female organs, 294 ; Seminal 
elements, 305. 

Ixodes — Generative organs, 298. 

Janthina — ^Branchim, 338. 

Julus — Salivary glands, 274 ; Malpighian 
vessels, 276 ; Benal concretions, 278 ; 
Circulating system, 284 ; Generative 
organs, 299. 

Labyrinthobranchiata — Branchial arches, 
470. 

Lmmargus — Ovaries, 610. 

Laoertar— Columella, 458 ; Frontals, 458. 
Lagomys — Cmcum, 562. 

La^stomus — Uterus, 616. 
Lamellibranchiata— V elum, 318 ; Diagram 
of, 319 ; Foot, 321 ; Tentacles, 326 ; 
Integumentary glands, 329; Byssus 
gland, 329; Shell, 331; Hinge of 
shell, 882 ; Branohim, 886 ; Muscles, 
842 ; Nervous system, 345 ; Visceral 
nerves, 351 ; Tentacles, 852 ; Visual 


organs, 353 ; Auditory vesicles, 357; 
Alimentary canal, 858; Stomach, 359; 
Hind-gut, 359; Liver, 864; Ccelom, 
867 ; Circulatory centres, 868 ; Auri- 
cles, 869, 873 ; Vessels, 872 ; Form- 
elements of blood, 875; Organs of 
Bojanus, 376 r (Generative organs, 
380. 

Lamellioomias — ^Ventral chord, 258; Tra- 
cheal vesicles, 289. 

Lemur — Dorso-lumbar vertebrae, 436. 

LepadidsQ — ^Dermal skeleton, 249; Ven- 
tral chord, 255 ; Cement glands,” 
285 ; Hermaphr^itism in, 291. 

Lepidoptera — ^Thorax, 287; Mouth organs, 
246 ; Feet, 246; Wings, 248; Spinning 
vessels, 2^; Nervus recurrens, 259; 
Malpighian vessels, 277; Tracheal 
vesicles, 289 ; Ovary, 802 ; Cement- 
glands, 303 ; Bursa copulatrix, 803. 

Lepidosiren — Vagus, 517 ; Air-bladder, 
568; Heart, 580; Aortic arches, 580; 
Allantois, 620. 

Lepidosteus — Opercular gill, 543 ; Spiral 
valve, 560. 

Lepismar — ^Ventral chord, 258. 

Lepus — Uterus, 617; Urogenital canal, 
619. 

Leptocardii — ^Notochord, 426; Olfactory 
organs, 525 ; Vertebrae, 438. 

Leuoifer — ^Auditory vesicles, 261. 

Libellulidae — ^Tracheal ^Is, 278; Salivary 
glands, 274 ; Bespiration in, 290. 

Limax — Tentacles, 326; Byssus gland, 
829 ; Shell, 332 ; Lung, 339. 

Limicolae — ^Excretory organs, 177 ; Gene- 
rative organs, 185. 

Limnadia — Shell, 285; Bespiration in, 
269 ; Liver, 274 ; Ovary, 294. 

Limnadiaceee— Branchiae, 241. 

Limnetis — ^Branchiae, 241. 

Linens — ^Proboscis, 141. 

Linguatulidae — Tracheae, 291. 

Lingula — Gill, 808; Stalk, 808; Alimen- 
tary canal, 811 ; Caeca, 311 ; Vascular 
system, 812. 

Lisarmatidae — “Lungs,” 216; Excretory 
organ, 812. 

Littorina — ^Denticles, 360 ; Stomach, 362; 
Penis, 386. 

Lizard — ^Foot, 489 ; Arteries, 687« 

Lizzia — Tent^les, 101. 

Locustidae— Auditory organs, 262. 

Loemodipoda — Compound eyes, 267. 

Loliginidae — ^Fins, 325 ; Arms, 326 ; 
Calamus, 386; Bespiratory organs, 
840; Bye, 856; Pharynx, 361, 362; 
Digestive organs, 863; Liver, 366; 
Ink-bag, 867; Circulatory centres, 
868; Arteries, 374; Oviduct, 886; 
Pouches of Needham, 387. 

Lolig^opsis — ^Eye, 355 ; Caeca, 863. 

Lophobranchii— Carapace, 424 ; Bibs 
438; Vertebrae, 489* 
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Lophopns — Cells, 189. 

Lottia — Branchisd, 887. 

Loxosoma — ^Tentacles, 134. 

Lucemaria — ^Marginal filamonts, 102 ; 

Gastro vascular system, 112. 

Lucise — Colonies, 391. 

Lucina — ^Nervous system, 346. 

Luidia — Alimentary canal, 213. 
Lumbricidas — Ganglia, 160 ; Visceral 
nerves, 161 j Excretory organs, 177 ; 
Generative organs, 185. 

Lumbrioulus — Y ascular system, 169. 
Lumbrious — ^Muscular stomach, 162 ; 
Vascular system, 167 ; Excretory 
organs, 178. 

Lutra — Testes, 618. 

Liitraria — Ganglia, 346. 

Lycosa — Circulatory system, 284 j Tra- 
cheae, 291. 

Lymnaeidac — Lung, 339. 

Lysidice — Maxillary apparatus, 162. 
Lymnaeus — Crop, 861. 

Macgillivraya — ^Velum, 821. 

Macropus — Turbinate bones, 647. 
Macrotarsi — Calcaneum, 490. 

Macrostoma — Generative organs, 180. 
Macrura — Ventral chord, 264 j Heart, 
281 ; Male organs, 296. 

Mactra — Siphons, 320; Ganglia, 346, 846; 
Tentacles, 362 j Ocelom, 867 ; Genital 
canal, 381. 

Madrepores — Skeleton, 106. 

Madreporinse — Generative organs, 122. 
Malacostraca — Development, 234 ; Nau- 
plius, 236; Appendages, 239; Ventral 
chord, 263 ; Auditory vesicles, 261 ; 
Caeca, 268. 

Malapterurus — Electric organs, 600 
Malleus — Byssus gland, 829. 

Mallophagus — Generative organs, 803. 
Mammalia — Stomach, 9 ; Blood-corpus- 
cles, 29; Corium, 417; Hoofs, 419; 
Hairs, 420 ; Anal glands, 421 ; 
Mammaiy glands, 421; Vertebral 
column, 436 ; Processes of vertebrae, 
486 ; Cervical vertebrae, 436 ; Caudal 
vertebrae, 436 ; Odontoid process, 
437 ; Bibs, 441.; Cervical ribs, 441 ; 
Sternum, ^2 ; Clavicles, 442 ; Xiphoid 
process, 442 ; Epistemum, 444 ; Pri- 
mordial cranium, 463 ; Tympanic 
bone, 466 ; Meckel’s ca^ilage, 467 ; 
Glaserian fissure, 467 ; Stapes, 467 ; 
Hyoid, 472 ; Coracoid, 476 ; Scapula, 
476; Manus, 482; Pelvis, 486; 
Hind-limb, 490 ; Dermal muscles, 
498; Dorsal muscles, 496; Inter- 
costal muscles, 496 ; M. pyramidalis, 
496 ; Masticatory muscles, 497 ; 
Diaphragm, 499, 674; Corpus stria- 
tum, 608; Cornu ammonis, 608; 
Fornix, 609; Cerebral hemispheres, 
609; Gyri, 609; Sulci, 609; llia- 


lami optici, 609; Epiphysis, 609; 
Mesencephalon, 609 ; Aquaeductus 
Sylvii, 609; Corpora qua^gemina, 
609 ; Cerebellum, 610 ; Pons Varolii, 
610 ; Spinal chord, 612 ; Falx cerebri, 
612; Tentorium cerebelli, 612; Ar- 
achnoid, 513; Brachial plexus, 514; 
Crural plexuses, 516; Sacral plexuses, 
615 ; Olfactory nerve, 616 : Facial 
nerve, 617; Accessorius Willisii, 
622 ; Tactile organs, 624 ; Gustatory 
organs, 626 ; Nasal canal, 627 ; Organ 
of Jacobson, 647, 628; Stenonian 
ducts, 627, 648; Eye, 628; Lens, 
529 ; Optic bulb, 629 ; Sclerotic, 
630; Optic muscles, 531; Eyelids, 
632; Harderian gland, 632; Lachry- 
mal glands, 632; Lachrymal ducts, 
533; Ductus endolymphaticus, 634; 
Labyrinth, 685 ; Cochlea, 636 ; 
Columella, 638; Stapes, 688; Audi- 
tory meatus, 689 ; Palate, 646 ; 
Eustachian tube, 643 ; Pharynx, 646 ; 
Velum palatinum, 646, 649 ; Nasal 
cavity, 647 ; Turbinate bones, 647 ; 
Teeth, 650 ; Milk teeth, 652 ; Tongue, 
652; Buccal glands, 653; Thyroid 
gland, 564 ; Stomach, 668 ; Mid-gut, 
661 ; Hind-gut, 662 ; Ceecum, 562 ; 
Cioaca, 663, 620; Liver, 668, 564; 
Mesentery, 665; Larynx, 670; Epi- 
glottis, 671 ; Lungs, 673 ; Coelom, 
574; Blood -corpuscles, 676; Heart 
683 ; Arterial system, 683 ; Auricles, 
683 ; Atrio- ventricular valve, 684 ; 
Aortic arches, 584 ; Ligamentum 
Botalli, 686; Aorta, 688; Ischiao 
arteries, 689 ; Vertebral veins, 692 ; 
Vena azygos, 693; Jugulars, 693; 
Inferior vena cava, 696; arterial 
retia, 597; Pleural cavity, 698; 
Lymph sinuses, 699 ; Peyerian 
glands, 600 ; Lymphatic glands, 
600; Thymus, 600; Benal organs, 
605 ; Urachus, 606 ; Urinary bladder, 
606; Ova, 609; Sperm, 609; Genera- 
tive organs, 616 ; Ovaries, 617 ; 
Male organs, 617; Mullerian duct, 
617; Placenta, 620; Chorion, 620; 
Prepuce, fi24 ; Clitoris, 624 ; Cowper’s 
glands, 624. 

Man — ^Mastoid, 464; Hyoid, 472; Cen- 
trale, 482 ; Manus, 483 ; Pelvis, 486 ; 
Dermal muscles, 494; Masticatory 
muscles, 497 ; Choroid, 680 ; Auditory 
meatus, 589; Turbinate bones, 547; 
CsBcum, 562 ; Appendix vermiformis, 
562; Venous system, 696; Uterus, 
615 ; Hymen, 616 ; Prostatio vesicle, 
619. 

Manatee — Cervical vertebrae, 486. 

Marsupialia — ^Nipples, 422 ; Odontoid pro- 
cesses, 437 ; Epistemum, 444 ; *Para. 
mastoid, 463; Pelvis, 486; Marsupial 



INDEX. 


eaz 


bones, 487; Hallux, 491; M. pyra- 
midalis, 496 ; Cerebral oommisanres, 
508; Cerebellum, 510; Stapes, 538; 
Turbinate bones, 547; Sinus maxil- 
laris, 548 ; Milk teeth, 552 ; Th^oid 
gland, 551; Stomach, 558; Liver, 
564; Auricles, 583; Yenm cavm, 592 ; 
Eenal organs, 605; Oviducts, 615; 
Copulatory organs, 622 ; Erectile 
bodies, 623; Scrotum, 618; Vas 
deferens, 618 ; Testes, 618. 

Medusae — Gelatinous tissue, 25 ; Cartilage 
cells, 26 ; Cartilaginous skeleton, 88 ; 
Kervous system, 109. 

Melolontha — ^Mid.gut, 272; Heart, 283; 
Generative organs, 304. 

Menobranohus — Vertebrao, 482 ; Enteric 
canal, 561 ; Trachea, 571. 

Menopoma — Vertebrae, 432; Hind-limb, 
^8 ; Trachea, 571. 

Mermia — Excretory organ, 174; Genera- 
tive organs, 185. 

Mesostomum — Nervoussystem, 145 ; Vis- 
ual organs, 154. 

Microstomeae — Generative organa, 183. 

Mites — Renal concretions, 278. 

Mnemidao — Axes, 101. 

Mceandrina — Colonies, 100. 

Molgula — Nervous system, 395; Sexual 
organs, 407. 

Molpa^a — Lungs’* 216; Cuvierian or- 
gans, 216; Foliau vesicles, 223. 

Mollusca — Connective tissue, 24; Carti- 
laginous skeleton, 38; Dermal bran- 
chiae, 46 ; General review, 315 ; Clas- 
sification, 316 ; Bibliography, 817 ; 
Form of body, 318 ; Velum, 318 ; 
Appendages, 325 ; Integument, 328 ; 
Cilia, 328; Shell, 330; Branchiae, 335 ; 
Nervous system, 843 ; Sensory organs, 
851; Tentacles, 352; Visual organs, 
353 ; Auditory organs, 358 ; Alimentary 
canal, 858; Pharynx, 359; Radula, 
360; Liver, 364; Pancreatic gland, 
356; Coelom, 367; Vascular system, 
368 ; Blood-fluid, 375 ; Excretory 
organs, 46, 375 ; Generative organs, 
380. 

Monitor — Frontals,459; Pelvis, 485; Eye, 
529. 

Monodelphia — Stapes, 538 ; Genital canal, 
615 ; Scrotum, 618. 

Monotremata — Mammary glands, 421 ; 
Odontoid process, 437; Episternum, 
444; Coronoid process, 467; Coracoid, 
476 ; Scapula, 476 ; Marsupial bones, 
487; M. pyramidalis, 496; Cerebral 
commissures, 508; Cerebellum, 510; 
Olfactory nerve, 516; Eye, 630; 
Lagena, 636 ; Stapes, 538 ; Auditory 
meatus, 539; Horny t^th, 649; 
Thyroid gland, 554; Stomach, 558; 
Cloaca, 5&, 620; Foramen ovale, 584; 
Ven® oavse, 692; Oviducts, 616; 


Testes, 618 ; Vas deferens, 618 ; Copu- 
latory organs, 622. 

Mormyrus — ^Electric organs, 600. 

Moschidse — ^Manns, 483. 

Mnelloria — Cuvierian organs, 216. 

Murex — Siphon, 322 ; Dermal glands, 329 ; 

Proboscis, 361 ; Anal glands, 362. 

Mus — ^Uterus, 615. 

Mustelina — CsBcnm, 662. 

Mustelus — Ovaries, 611. 

Musca — Proboscis, 260; Malpighian ves- 
sels, 277. 

Muscidso — ^Heart, 283. 

Mya — Ganglia, 846. 

Mygalida — Lungs, 291. 

Myrianida-^ Appendages, 136; Visual 
organs, 135. 

Myriapoda — Head, 235 ; Form of, 237 ; 
Gnathites, 244 ; Integument, 248 ; 
Nervous system, 255; Tactile rods, 
260 ; Eyes, 266 ; Enteric canal, 260 ; 
Salivary glands, 274 ; Malpighian 
vessels, 276 ; Renal concretions, 278 ; 
Circulatory system, 283; Trachem, 
280 ; Germ-glands, 292 ; Generative 
organs, 299 ; Seminal elements, 
305. 

Mysis — Branchiffi, 241 ; Auditory vesicles, 
261; Heart, 281; Female organs, 
294 ; Seminal elements, 305. 

Mytilidse — Respiratory cavity, 820. 

Mytilus — Byasus gland, 329; Branohim, 
336 ; Genital canal, 881. 
Myrmecophaga — Jugal, 466. 

Myxinoidea — Auditory capsules, 448; 
Trunk muscles, 494; Brain, 504; 
Visceral nervous system, 523 ; Laby- 
rinth, 533; Systemic arteries, 585; 
Carotids, 585 ; Kidney, 603 ; Ovaries, 
610. 

Myzostoma — ^Intestinal tube, 163. 

Naiades — Byssus gland, 329 ; Auditory 
vesicles, 359. 

Narcine — ^Electric organs, 600. 

Nassula — Pharynx, 86. 

Natatores — Anal glands, 420 ; Optic bulb, 
529 ; Pecten, 531 ; Stomach, 558 ; 
Trachea, 571 ; Lymphatic hearts, 
599 ; Copulatory organs, 621. 
Nauplius — Appendages, 238 ; Eyes, 264. 
Nautilus — Funnel, 325 ; Copulatory 
organs, 327 ; Shell, 833 ; Respiratory 
organs, 340 ; Cephalic cartilage, 842 ; 
Nervous system, 360, 851 ; Eye, 
864 ; Otocyst, 857 ; Pharynx, 362 ; 
Cmca, 863 ; Circulatory centres, 868 ; 
Branchial veins, 373 ; Excretory or- 
gans, 379 ; Oviduct, 386. 
Nemathelminthes — ^Muscular system, 142 ; 
Muscular fibres, 144; Nervous sys- 
tem, 147; Alimentary canal, 157; 
Genital products, 190. 

Nematodes — Muscular system, 142; 
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JjtAml Uao^ 248 1 Taotile pap^, 
188$ Geneialdva ikigfiiiiv Semi, 

nal ^eiaeiiti, 181. 
Kemertea---Pk€l> 06 cifl| 141 $ Yimal 
154. 

Kemeriixia--Ino(mipletemetam 130$ 
PioboBoiB, 140> 141 $ Nervous syrtem, 
147$ Tactile setm, 152 ; Oephalio pits, 
158 $ Yisual organs, IM; Alimentary 
canal, 157. 

Neomenia—Nervons system, 152$' Enteric 
brancliiee, 164. 

Neophanta— Yisual organs, 155. 

Nepa — ^Respiratory tube, 289. 

Nepbelis — ^Yasculi system, 167 $ Bxcre- 
tory organs, 177$ (Generative pro- 
ducts, 190. 

Nephropneusta — Shell, 823 $ Nervous 
system, 349$ Jaws, 360$ Excretory 
organs, 378. 

Nerita — ^Heart, 871. 

Neritacea — ^Branchise, 838. 

Neritina — ^Heart, 371. 

Neuroptera — ^Thorax, 237$ Qnathites,242; 
Enteric canal, 272 ; Ovary, 802 $ Hale 
organs, 804. 

Nodosaridsa — Shells, 81. 

Notidani — Branchial arches, 469 $ Clefts, 
492. 

Notommata — ^Excretory organs, 175. 

Nudibranohiata — Brauchise, 838$ Tenta- 
cles, 862 $ Intestine, 362 $ Yessels, 
872. 

Numida — Sternum, 443. 

Oceanidas— Harginal vesicles, 110. 

OotactinisB — ^Tentacles, 1(X)$ Transverse 
axes, 100 ; Tentacles, 102 $ Gastric 
system, 117. 

Octopoda — Tentacles, 827 $ Internal 
skeleton, 840$ Muscles, 843$ Oto- 
oysts, 857$ Pharynx, 862$ Liver, 
866 $ Oviduct, 886. 

Octopus — ^Mantle, 326 $ Oopulatory or- 
gans, 827 $ Eye, 855 $ Salivary 
glands, 863 $ Circulatory centres, 
368 $ figure, 373. 

Odontomithes — Teeth, 661. 

CErstedia— Nervous system, 147$ Auditory 
organ, 156. 

Oikopleura — “ House,” 398, 

Oletera — Ovaries, 296. 

Olynthus— -'Gostrula, 93$ Pore canals, 

112 . 

Ommatoplea — ^Nervous system, 147. 

Onchidium — Lung, 889. 

Oniscus — ^Liver, 275 $ Generative organs, 
294, 295. 

Onychoteuthis — Suckers, 827. 

Ophidiaster — Generative organs, 225. 

Ophioderma — Generative organs, 224. 

Ophidii— Scales, 418$ Centra, 438$ Pro- 
cesses of vertebrm, 488 $ Caudal ver- 
tebrsB, 484^ Axis, 487$ Bibs, 440$ 


Squamosal, 488$ Oolumella^ 466$ 
Oovering-bmies ot skoll, 489$ Yo. 
mer, 459$ Palato-quadrate, 459$ 
Qua^te, iCO; Pterygoids, 461$ Pala- 
tines, 461 $ Maxilla, 4^ $ Hyoid, 472 $ 
Fore-limb, 481 $ Toes, 469 $ Dermal 
muscles, 498$ Intercostal do., 496$ 
Masticatory do., 497 $ Brain, 507 $ 
Optic bulb, 529 $ Ductus endolymph- 
aticus, 584 $ T;^pamc cavity, 587 $ 
Palate, 546 $ Nasal glands, 548 $ 
Organ of Jacobson, 548 $ Teeth, 550, 
552$ Labial glands, 658$ Stomach, 
557$ Mid-gut, 561$ BKnd-gut, 562$ 
Liver, 564 $ Mesentery, 665 $ Larynx, 
570$ Lungs, 57s $ Heart, 581 $ Caro- 
tids, 587$ Epigastric veins, 595$ 
Ovaries, 618$ Testes, 614$ Copula. 
tory organs, 621. 

Ophiothrix — Figure, 202. 

Ophiura — Anus, 199 $ Generative organs, 
225. 

Ophiurida—Larva, 196; Bays, 196$ Anus, 
199$ Calcareous skeleton of larva, 
202; Integument, 203; Alimentary 
canal, 212; Stone-canal, 222 $ Gener- 
ative organs, 224. 

OphrydisB — Anal opening, 86. 

Opilionea — ^Visceral nerves, 269. 

Opilionida — Eyes, 265$ Cmca, 270$ He- 
patic tbues, 275 $ Malpighian vessels, 
276 $ Circulatory system, 284 $ Tra- 
chesB, 291 $ Germinal glands, 297. 

Opisthobranchiata — Shell, 323 ; Tentacles, 
326$ IJrticating cells, 829$ Bhino- 
phor, 352 $ Yisual organs, 354 $ Jaws, 
860 $ Salivary glands, 364 ; Heart, 
871 ; Vessels, 373 ; Circulation in, 
373 ; Excretory organs, 877$ Uterus, 
888 . 

Orang — Centrale, 482. 

Orchesella — ^Ventral chord, 258. 

Oreaster — ^Arms, 196. 

OmithorhynchuB — ^Ethmoid, 466$ Atrio- 
ventricular valve, 684. 

OmithoBoelids/ — Tarsus, 489. 

Orthagoriscus — Spinal chord, 611. 

Orthooeratites — Shell, 882. 

Orthoptera — Thorax, 287 ; Gnathites, 
245 ; Dermal skeleton, 249 $ Ventral 
chord, 258 $ Nervus reourrens, 269 $ 
Auditory vesicle,' 262 $ Tympanum, 
262 ; Masticatory stomach, 272 $ In- 
gluvies, 272$ Mid-gut, 272$ Hind- 
gut, 278 ; Salivary glands, 274, 
Ovary, 802; Testis, 804$ Seminal 
elements, 805. 

Orycteropus— Uterus, 616. 

Ostraoion — Carapace, 424. 

Ostracoda — ^Appendages, 288 j Gnathites, 
289 $ Branchise, 248 ; Dermal skele- 
ton, 249 $ Seminal elements, 805. 

Ostrea — Muscles, 843 ; Genital canal, 881. 

Owls — ^External ear, 588. 
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Ox — Hanoi, 488, 

Osyoiia— IJiDMntary oanal, 169. 

\ 

Fagoras — ^yentr8lo1iard,254; Hale organic 
295. 

Palinaras— Ventral chord, 254 j Li7er,275. 

PalsBotherinm — ^Hanns, 4^. 

PaladioeUa — Alimentary oanal, 169. 

Paludina — Nervoua system, 848 ; Figure, 
871 ; Albnminiparons gland, 885 ; 
Penis, 886. 

Pandora — Generative organs, 881. 

Pauorpa — Masticatory stomach, 272. 

Paradoxnrns — Dorso-lnmbar vertebrae, 
487. 

Paramoeoinm — ^Triohocyst, 79; Pharynx, 
85 ; Figure, 85 ; Contractile vesicles 
86 . 

Passeres — Stomach, 668. 

Patella — Branchim, 887; Badula, 860; 
Excretory organs, 877 ; Gtorm-glands, 
885. 

Pecten — Bysaus gland, 829; Branchiae, 
337; Muscles, 843; Ganglia, 346; 
Tentacles, 852 ; Visual organs, 853 ; 
Organ of Bojanus, 376; Generative 
organs, 881. 

Peotinaria — Branchial tentacles, 135. 

PedicelUna — Tentacles, 134 ; Nervous 
system, 146. 

Pelagia — ^Larvae, 99 ; Marginal filaments, 
102 ; Marginal vesicles, 110. 

Pelobates — Vertebrae, 432 ; Tympanic 
cavity, 637. 

Penelopidae — Oopulatory organs, 621, 

Pennaria — Buds, J95. 

Pennatulida — Skeleton, 106; Generative 
organs, 123, 

Pentacrinus — ^Ambulaoral groove, 204. 

Pentacta — Ouvierian organs, 216. 

Pentastomum — Generative organs, 298. 

Perameles — ^Tympanic bone, 466. 

Perennibranchiata — Branchial arches, 
471; Muscles of branchial skeleton, 
497; Eyelids, 532; External gills, 
645; Lungs, 572; Cephalic arteries, 
586. 

Peripatus — ^Form of, 237; Appendages, 
288, 244 ; Spinning glands, 250 ; Mus- 
cular system, 251 ; Nervous do., 255 ; 
Enteric canal, 270 ; Salivary glands, 
273; Circulatory system, 283; Tra- 
cheae, 286. 

Perisossodaotyla — ^Nipples, 422 ; Dorso- 
lumbar vertebrae, 436 ; Manus, 483 ; 
Pelvis, 486 ; Third trochanter, 490. 

Peritricha — Cilia, 79. 

Perlida — Tracheal gills, 247, 289; Eo- 
dysis, 289. 

Petalostioha — ^Ambulacra, 199. 

Petaurista — Tympanic bone, 466. 

Petromyzon — ^Auditory capsule, 448; Ol- 
factory organ, 525 ; Ear, 588 ; Eespi- 
ratory organs, 542 ; Aorta, 585. 


Phalangiuxn— Generative organ% 298i 

PhaQueia— Mantle, 894. 

Pharyngobranohiata— Branchial arches, 
470. 

Phascolomys — Turbinate bones, 547. 

Phascolosoma — Alimentary oanal, 161. 

Phemseidse — ^Branchial tentacles, 135. 

Phooa — ^Turbinate bones, 547; Stomach, 
558 ; Pancreas AselU, 600. 

Pholas — Nervous system, 845. 

Phronima — Optic nerves, 253; Heart, 280. 

Phryganida— Tracheal g^s, 247, 273. 

Phr^ida — Gnathites, 244 ; Nervous 
system, 256; Eyes, 265; Enteric 
canal, 269 ; Lungs, 291. 

Phylaotolmma — ^Muscular system, 144. 

Phyllodooe— Visceral nerves, 187; Pro- 
boscis, 163. 

Phyllopoda — Shell, 235; Appendages, 
238 ; Ventral chord, 254; Eyes, 265 ; 
Liver, 275 ; Heart, 280. 

Phyllosoma — Liver, 275; Germ-glands, 
294. 

Physemaria — Ectoderm, 103. 

Physoklisti — ^Air-bladder, 567. 

Physophoridse— Neotooalyoes, 96 ; Air- 
sac, 97 ; Generative organs, 121. 

Physostomi — Caudal region, 431; Ribs, 
438 ; Air-bladder, 567* 

Pinna — Visceral ganglia, 346; Visual 
organ, 353; Renal ducts, 376; Genital 
canal, 381. 

Pinnipedia — Auditory meatus, 539 ; 
Buccal glands, 553 ; Thymus, 600 ; 
Renal organs, 605. 

Pip£i — Sacrum, 483; Atlas, 437; Eusta- 
chian tube, 537 ; Tongue, 551. 

Piscioola — ^Vascular system, 167 ; Gene- 
rative organs, 184. 

Placentalia — Foramen ovale, 584. 

Placophora — Groove, 318; foot, 321; 
Tentacles, 326 ; Spicules, 330 ; Bran- 
chiae, 336, 337; Nervous system, 
344; Liver, 365; Auricles, 369; 
Excretory organs, 875 ; Generative 
organs, 380. 

Planaria — Tentacles, 132; Liver, 165; 
Coelom, 165 ; Excretory organs, 177 ; 
Genital pore, 184. 

Planorbidae — Lung, 339 ; Crop, 361. 

Planorbis — ^Blood-fluid, 375. 

Platyhelminthes — Form, 129 ; Mouth, 129 ; 
Integument, 186 ; Dermal glands, 
141; Muscular system, 142; Mus- 
cular fibres, 144; Nervous system, 
145 ; Sexual organs, 184 ; Alimentary 
oanal, 157; Liver, 165; Excretory 
organs, 175 ; Generative organs, 179. 

Platyrhini — Turbinate bones, 547. 

Pleotognathi — ^Bony plates, 424. 

Pleione — Origin of nerves, 151. 

Pleurobranchus — Jaws, 360 ; BaUvary 
glands, 364 ; Vessels, 872 ; Reoepta* 
oulum seminis, 384. 
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FimQttiir--4kn«Kiy^ 
fi|inilirt» Oolimkii, 89» 



latory«rg^)9^. 

Voddiiioi^pm^ 284; Abdo- 

meii| 888) BraHkohin, 842; liiw, 
878 ; CSmktory 868 ; Gene* 

x»(iTl9 0Eg«ia,896. 
PodinttDik-Cdimiella^ 488. 
Podop}iihi3iMar‘-Blye«rtalk| 287. 
Pod<^iJ7a— Nndens, 89. 

Poljaibanduis — Bnuiehial lamelte, 844. 
Polycera— Veflselfl, 878. 

Pol/deemiuh— Bttial cxmoretioiiB, 278. 
Polygordiofl— Cilia, 188; H^^poiUa>r sya- 
tern, 142 ; Gepbalio piiB|A88. 
Polymorphina — Shells, 81. ^ ^ ^ * 

Polypterns — Vertebnd colmmii 429 ; 
Bibs, 488; Bram, 5O84 External 
gills, 846. 

Polyzoa— Skeleton, 82. 

Fontdimax — ^Branchise, 389. 

Pcnrifera — ^Ectoderm, 103; Skeleton, 106; 

Sexnd^ organs, 119. 

Porpita— Air-sac, 97. 

Priapulns — ^Alimentary canal, 161. 
Prinwtes — ^Nipples, 422; Episteiunm, 444; 
Interparietal, 464; Turbinate bones, 
466; Tympanic, 466; Hyoid, 472; 
Manns, 482; Hallux, 491; Cerebellum, 
610; Pons VarolK, 610; Uvula, 649; 
Stomach, 658; Yenm cavm, 692; 
Benal organs, ^5 ; Peni^ 628. 
Prisiiums — Ovaries, 64. 

Procyon — ^Dorso-lumbar vertebrae, 437. 
Proporus — ^Auditory organ, 166. 
ProrhynohuB — ^Alimentary canal, 167. 
Prorodon — Contractile bands, 80 ; 
Pharynx, 85. 

Prosirnii — Nipples, 422 ; Caeca, 662, 
Uterus, 616. 

ProBobrancbiata — Epipodium, 324* Cere- 
bral ganglia, 847 ; Ommatophor, 859; 
Jaws, 860 ; Crop, 361 ; Salivary 
glands, 364; Germ-glands, 385. 
Proteus — ^Vertebrae, 432; Th3rroid gland, 
554; Stomach, 557; Mid-gut, 661; 
Larynx, 670; Lungs, 672; Blood- 
corpuscles, 577 ; Auricle, 5^. 
Protista — Cilia, 89; Conjugation, 62; 
Spores, 87. 

Protopterufl — ^Pin, 477 ; External gills, 
^ ; Air-bladders, 668 ; Conus arte- 
riosus, 678. 

Protozoa — ^Beview of, 76; Bibliography, 
77 ; Supporting organs, 81 ; Bespira- 
tion in, 86 ; Sensory organs, 86. 
Protraoheata — ^Enteric canal, 269; Tra- 
dieae, 286 ; Generative organs, 296. 


Protolft— Tentaolei, 188, 
PBeiidoineiird|>terar--Thojpax,289;Gn^ 
246} Feet, 246; Ventral chord, 268; 
Entmn, 878; l^ilpighian vesseUi, 
277 ; Triusheal systom, 289. 

Psittaoidse-— Tongne, 661 ; Cssca, 662. 

PBoliui--Ambii]a^ 199. 

Ptera8ter--AniiB, 196. 

Pteroom— *Siphon, 828, 

Pteropodar-yelnin, 822; Mantle, 822; 
Foot, 828, 824; Shell, 882, Mnsolea, 
848 ; NenrooB BjBtem, 849 ; Bnooal 
ganglia, 861 ; Tentaolea, 862 ; Olfao- 
tory organa, 862; Aaditoiy voBicleB, 
867 ; Alimentai^ oanal, 8(^ ; Badnla, 
860; Stomach, 868; liver, 866; 
Heart, 871 ; VeBsela, 872 ; Generative 
organs, 881; Hermaphrodite glands, 
868; Beoeptaonlmn aeminUi, 884; 
Coprdatory organ, 885. 

Pterotraobea—Chel], 828; Sensory organs, 
864; OmmatophcMr, 859; Eeo^ta- 
onlnm Berninis, 886. 

Pterygota — Gnathites, 246; Ventral chord, 
268 : Traohem, 2^. 

Pulex — ^Ventral chord, 2^9. 

Pulmonata—Shell, 382 ; Salivary glands, 
364; Excretory organs, 877; Herma- 
phrodite glands, 883. 

Pupipara — Y entral ohord, 269. 

Purpura — Dermal glands, 829; Anal 
glands, 362. 

Pycnogonida — ^Nervous ^siem, 266; Eyes, 
2^; Cs9ca,269; Oironlatory system, 
284; Tracheae, 291; Generative 
organs, 299. 

Python — Skull, 460 ; Larynx, 669 ; Veins, 
591 ; Copulatory organs, 621. 

PyroBoma — Stolo prolifer, 896; Lumi- 
nous organs, 294 ; Muscular system, 
395; Nervous system, 396; Languets, 
401; Branchial slits, 402; Sexual 
organs, 407. 

Pymla — Coelom, 867. 

Badiolaria — Central capsule, 76, 82 ; 
Shells, 81 ; Skeleton, 82 ; Figure, 
82; Spores, 87. 

Baua — Steinum, 442 ; Falato-quadrate, 
457; Shoulder-girdle, 476; Larynx, 
569. 

Baptores — Optic bulb, 629 ; Turbinate 
hone, 547 ; Stomach, 658. 

Batitse — Sternum, 443 ; Shoulder-girdle, 

• 476 ; Preooracoid, 476 ; Clavicle, 477 ; 
M. pyramidalis, 496 ; Lymphatic 
hearts, 599 ; Copulatory organs, 621. 

Bays — ^Dermal denticles, 424; Articular 
processes, 437 ; Hyomandibular,449; 
Shoulder-girdle, 474 ; Protoptery- 
gium, 478; Eleotrio organs, 600; 
Vagus, 621 ; Gelatinous tubes, 524 ; 
Naasl groove, 526; Branchial clefts, 
643. 
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BenilUi--Pore, 11^. 

Beptilia — ^Vertical fringe, 415; Coritmii 
417: Soalei, 417; Demal Imes, 425 ; 
Vertebral oolanm, 429; Atlae, 487; 
Axis, 487; Bibs, 440; Sternum, 448 ; 
Epistemnm, 444; Sqnamosid, 458; 
PostfrontalB, 459; Nasal cavities, 
460; Hard palate, 460; Brancbial 
skeleton, 469; Hjoid, 471 ; Sbonlder- 
girdle, 476; Binm, 484; Fore-limb, 
481; Toes, 490; Den^ mnsoles, 
498 ; Intercostal mnsoles, 495 ; Masii- 
oatoiy mnscles, 497; Brachial plexns, 
514; Cmral j ^ eiwi, 515; Sacral 
plezns, 515; ~€mblet«shaped oxgans,' 
624; Chxstatcny oxgan, 1^5; Lens, 
581; Optic mnsoles, 681; Eyelids, 
682; Lachrymal glands, 582; La. 
ohr]^a1 dncts, 583; Lagena, 586; 
Tympanic cavity, 537 ; External ear, 
588; Buccal jpavity, 549; Teeth, 
550; Tongne, 552; Labial glands, 
558 ; Thyx^ gland, 654 ; Enteron, 
565; Stomach, 597; Hind-gnt, 562; 
Cloaca, 563; Einglottis, 671; Trachea, 
571; Lungs, 578; Blood-corpuscles, 
576; Heart, 587; Jugular veins, 590; 
Venm vertebrales, 691 ; Cardinal 
veins, 591 ; Superior vense cavsB, 591 ; 
Ductus Cuvieri, 591; Benal veins, 
694; Lymphatic hearts, 699; Peyeriau 
glands, 600; Thymus, 600; Renal 
organs, 609; Egg, 609; Yolk, 609; 
Cloaca, 620. 

Bhizooephala — ^Mantle, 286; Eyes, 264; 

Enteric canal, 269. 

Rhizoorinus — Figure, 197. 

Bhizopoda — Sensory organs, 42 ; Aliment- 
ary canal, 47 ; Protoplasm, 76 ; Pseu- 
dopodia, 78 ; Spores, 87. 

Bhombifera — Bony plates, 424. 
Rhynconella — ^Excretory organs, 313. 
Rodentia— Nipples, 422 ; Epistemum, 
444 ; Interparietals, 464 ; Hyoid, 
472 ; Centrale, 482 ; Pelvis, 486 ; 
Fibula, 490; Cerebral hemispheres, 

' » 609 ; Buccal pouches, 649 ; Teeth, 
562 ; Stomach, 668 ; Caecum, 662 ; 
Liver, 664 ; Venae oavae, 692 ; Renal 
organs, 605 ; Uterus, 616 ; Testes, 
618; Vesiculae seminales, 618; Pros- 
tatio glands, 619 ; Oopulatory organs, 
622 ; Tyson’s glands, 624. 

Botalia — ^Figure, 78. 

Rotatoria — Segmentation, 129 ; Cilia, 138; 
Wheel organ, 138 ; Dermal carapace, 
189; Tubes, 139; Nervous system, 
146 ; Tactile setae, 152 ; Visual 
organs, 154 ; Alimentary canal, 160 ; 
Glandular organs of enteron, 174; 
Coelom, 166 ; Excretory organs, 174 ; 
Generative organs, 190. 

Ruminantia — Interparietal, 464; Cuboid, 
490 ; Tapetum, 630 ; Acosssoiy 


cavities of nose, 548; Biims inaxfl. 
lary, 546 ; Stenonian ducts, 54S| 
maoh, 5(^ # T < 

SaooolM;^tie--Bxaachial tubes, 545*^ ' 

Sesnuris^Vascnlar system, ]j88» 

Bagitta— Ner«ptis system, 149; Eyes, IM, 

Salamandrina — Verfa to m, 482, 4&; Hind- 
Hmb, 488; TmxiA mnmjSee, 494; H. 
pyTamidaIeB,496; Lungs, 678; Heart, 
581; Lymph spaces, 598 ; Vagns, 517; 
Byidids, 8^ ; External gills, 545. 

Salmo-— Notoohoi^, 427; Ca^rtilaginous 
oraa$ixm» 450 ; Mhndibular apparatus, 
454; Entexoii, 5S^| Xidamf^ 604; 
Ovaries, WO, " 

Sa]pii^Btdopcolif«r, 891; AtesdifS lom, 
892; Sexual form, 892; 
tem, 895; Nervous ayabem, 895; Bn- 
Bory organic 897; Oxliat^ groove, 
^897; Ipteual oiifans, 897; ventral 
"" groove, 402 ; Enteron, 404 ; Nucleus, 
404 ; Heart, 405 ; Sexual organs, 407. 

Saltatoria^Thorax, 287. 

Saphenia-^Tentacles, 102. 

Sapphirina — Female organs, 294, 

Sarooptes — ^Tracheae, 291. 

Saroorhamphus — ^Veins, 591. 

Sarsiadse— ^astrovascular system, 115. 

Saurii — Centra of vertebrm, 433; Pro- 
cesses of do., 438 ; Caudal do., 484 , 
Ribs, 488 ; Sternum, 442 ; Columella, 
468, 688; Vomer, 469; Lachrymal; 
459 ; Pterygoids, 461 ; Palatines, 461 1 
Maxilla, 462; Shoulder-girdle, 476; 
Carpus, 481 ; Bium, 484 ; Pubis, 485 ; 
Tarsus, 489; Intercostal muscles, 496; 
Masticatory do., 497 ; Brain, 607 ; 
Sclerotic, 530; Eyelids, 582; Ductus 
endolymphaticuB, 584 ; External ear, 
538; Nasal glands, 548; Organ of 
Jacobson, 548; Teeth, 550; Tongue, 
552: Labial glands, 558; Hind-gut, 
562; Liver, 564; Mesentery, 665; 
Lungs, 573; Heart, 581; Aerial 
arches, 682; Carotids, 507; Arterim 
intercostcdes, 589; Epigastric veins, 
595; Oviducts, 618; Testes, 614; 
Vasa deferentia, 614 ; Mullerian 
duct, 615; Allantois, 620; Copula- 
tory organs, 621. 

Sauropsida — ^Vertebral column, 433; 
Skull, 457 ; Ischiac arteries, 589. 

Scaphopoda — Appendages, 826 ; Nervous 
system, 847 ; Visual organs, 358 ; 
Auditory vesicles, 857 ; Alimentary 
canal, 858. 

Schizopoda — ^Branchice, 241 ; Heart, 281; 
Female organs, 294; Male organs, 
295 ; Seminal elements, 805. 

Schizostomess — Alimentary canal, 157. 

Scincoidea — Dermal bones, 425. 

Soiurus — ^Uterus, 616. 

Soolema — Dermal glands, 141; Nerve 
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8o7iimiti--Anohiioid, 518. 

8c7]^OBtx«ift--41a8fcroYa«ci^ sjstem, 
116. 

Segesfcria— Tracbeeo, 291 $ Ovaries, 297* 

Belaobii — Cartilage cells, 26 s Anterior 
appendages, 414; Dermal denticles, 
428 ; Yertebnd column, 429 ; Trans- 
verse processes, 481 ; Hn-rays, 432 ; 
Bibs, 439; Graninm, 447; Palato- 
quadrate, 448; Hyoid, 448; Mandi- 
bnlar apparatus, 458 ; Branchial 
skeleton, 468; Hyoid arch, 469; 
CopnlsB of hjoidf 469 ; Arcbip- 
teryginm, 478; Anterior appendages, 
474; Shonlder-girdle, 474; Fin, 
477 ; Pelvic-girdle, 484 ; Ventral fin, 
487 ; Dermal muscles, 494 ; Muscles 
of branchial skeleton, 497; Olfac- 
tory lobes, 504; Thalamenoephalon, 
604 ; Mesencephalon, 505 ; Sinus 
rhomboidaliB, 505 ; Medulla oblon. 
gata, 505 ; Optic nerve, 516 ; Ce- 
phalic nerves, 616 ; Vagus, 617 ; 
Facial nerve, 517 ; Glossophar- 
yngeal, 518 ; Gelatinous tubes, 524 ; 
O&otory organs, 525 ; Sclerotic, 529; 
Cilimcy processes, 530; Tapetum, 
^0; Eyelids, 582; Vestibule, 584; 
OtoHths, 536; Spiracle, 587; Bran- 
chial pouches, 542 ; Spiracular cleft, 
542; Branchial lamellce, 544; Teeth, 
550; Enteron, 555; Stomach, 557; 
Spiral valve, 660; Hind-gut, 562; 
Anr-bladder, 567; Abdominal pore, 
674; Conus arteriosus, 578; Bran- 
chial arteries, 579 ; Aort^ 585 ; 
Spleen, 600 ; Thymus, 600 ; Archine- 
phric duct, 602 ; Kidney, 603 ; 
Hephrostomata, 608 ; Mullerian duct, 
608; Eggs, 609; Yolk, 609; Sperm, 
609; Ovaries, 610, 611; Germinal 


ol^ 538. 

Siphonlata — Siphons, 820. 

Siphonophora — ^Division of labour in, 95 ; 
Colonies, 95 ; NeotocalyoeB, 96 ; 
Figure, 96; Nutritive persons, 96; 
Protective persons, 97; Tentacular 
persons, 97 ; Generative persons, 97; 
Cilia, 104: Muscular system, 108; 
Gastric system, 114 ; Pigmented in- 
vestment of stomach, 118; Separa- 
tion of sexes, 120 ; Generative 
products, 121. 

Silurus — Lymph sinuses, 599. 

Simim — ^Liver, 564 ; XJtew, 616; Hymen * 
616, 

Singing Birds — Syrinx, 572, 
Siphonostoma — Tentacles, 188, 135 ; 

Degeneration in, 286 ; Ovaries, 
293. 

Sipunculus — Cerebral mass, 148; Gan- 
glion cells, 148; Alimentary canal, 
161, 162; Vascular system, 171; 
Excretory organs, 176, 

Siren — Blood-corpuscles, 576. 

Sirenia — ^Nipples, 422 ; Caudal vertebra?, 
486. 

Smynthurus^Trachem, 288, 

SolMter — Arms, 196; Alimentary canal, 
218. 

Solen — Ganglia, 845. 

Solenoj^tres — Ventral surface, 130; 
Aciculi, 189 ; Nervous system, 151 ; 
Groove, 818. 

Solidungnila — Fore-limb, 488 ; Venro 
cavee, 592. 

Sorex — JugaJ, 466; Coracoid, 476. 
Spatangidm — Semitm, 201; Dermal skele- 
* ton, 205; Spines, 206; Muscular 
system, 207 ; Blood-vessels, 218 ; 
Water-vascular ring, 220; Stone- 
canal, 222 ; Generative organs, 226. 
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SphaBrodomm — ^Zntogiiiiieiit, 188. 

SpHinz—Digestire cngans, ^ 10 , 

Sphenodon— Bibs, 440 ; Qaadrato, 461. 

Spiders — ChelioersB, 244; Spines or setSB, 
260 ; Spinning glands^ 250; Kerrons 
^Btem, 256; Cerebral ganglia, 266; 
%e, 2^ ; Digestive organs, 269. 

Spio— d)ermal glands, 141. 

Spiroohona — Oarapaoe, 88. 

Spirorbis — Stalk ^ operonlcun, 184. 

SpiroBtomnm — Oontraotile bands, 80; 
Nnoleolos, 87. 

Spimla — Shell, 884. 

Spondjlns — Shell, 886. 

Spong^SB — GkuBtmla, 4)2 ; Tentacles, 101; 
Bitegnment, 108 ; Aliin 6 ]itar 7 canal, 
111; Gastrio system, 112; Lipo. 
gastria, 118; Seznal organs, 119; 
Ova, 124. 

SpongiUa — ^Anphidisos, 106. 

Sqnatina — ^Protopterygiom, 478; Arach- 
noid, 518 ; Snterio oan^ 560 ; Heart, 
578. 

Sqnilla — ^Branohim, 241; Kervons system, 
258. 

Stanridinm — Tentacles, 98. 

Stentor — Contractile bands, 80; Shells, 
88 ; Anal opening, 86. 

Stephanoceros — Wheel organ, 188. 

Steraaspis — ^Bespiration in, 186 ; Cere- 
bral mass, 148; Ganglion cells, 148 ; 
Yascnlar system, 171 ; Excretory 
organs, 176. 

Stomapoda— Liver, 275 ; Heart, 281. 

Strepsiptera — Wings, 248; Male organs, 
804. 

Strombns — Siphon, 823. 

Stimthiones — Saomm, 485; Skull, 460; 
Toes, 490 ; Pecten, 580; Marsupium, 
581; Turbinate bones, 547; Lym- 
phatic hearts, 599; Gopulatory or- 
gans, 621. 

Sturiones — Dermal bones, 425; Vertebral 
column, 480; Bibs, 439; Cartilagi- 
nous cranium, 450 ; Mandibular 
apparatus, 458; Operculum, 455; 
Goblet-shaped organs, 628; Ciliary 
processes, 580; Branchial lamellm, 
644 ; Thymus, 600. 

Suina — Nipples, 422 ; Manus, 483. 

Suctoria — ^Pseudopodia, 83. 

Swans — ^Trachea, 672. 

Syoaltis — Skeleton, 106. 

Syoones — Ectoderm, 108; Gastrio sys- 
tem, 118. 

SyUidsB— Parapodia, 134; Visual organs, 
155. 

Synapteo — Ambulacra, 198 ; Tentacles, 
200; Calcareous anchor, 206; Inte- 
gument, 206; Internal skeleton, 207; 
Muscular system, 208; Alimentary 
canal, 214; Figure of, 223; Polian 
vesicles, 223 ; Water-vessels, 223 ; 
Hermaphrodite organs, 226. 


Synooryno^Tentaolet, 98; Figioe of; 98» 
Syncoiynidia— 4lQrmi, 94. 


TsBnla^SMiMtatimi, 129; Cystic form, 
181; AdkSnli, 140; Female 

Tamoya-— Marginal filamentii^ 102* 

TEmai^Audit^ veeibles, 26L 

Tapir^Manus, &2. 

Tardigrada^Eye,266; Generative organs, 

2i^ 

Talpa— Maai^ 482. 

Tdeosaurii — ^Dbmal bones, 425. 

Tegeneriar^-TraohesB, 

Teleostei— Bony plates, 424; Vertebral 
oolmnn, 480; Transverse ^^ooeHmentp 
481 ; Cbudal r^on, 481 ; Fbt 
482; Articular processes, 487; Bibs, 
439; Cranium (oartilaginoiu) 466; 
Sphenoids, 452; Mandibular aiq^ia^ 
ratns, 458 ; Operonlnm, 455 ; 
ohial arches, 469; Shonlder-giidle^ 
474 ; Thoracic fin, 478 ; Pelvic- 
girdle, 484 ; Ventral fin, 467 ; Dermal 
muscles, 492; Muscles of branchial 
skeleton, 497 ; Olfactory lobes, 604; 
Thalamencephalon, 504 ; Mesen- 
oephalon, 505; Sinus rhomboidalis, 
505 ; Optic nerves, 515 ; Facial 
nerves, 617 ; Glossopharyngeal, 518 ; 
Vagus, 521; Goblet-shaped organs, 
528; Mucous canals, 524; Lateral 
line, 524; Olfactory organs, 625; 
Sclerotic, 529 ; Optic muscles, 581 ; 
Eyelids, |582 ; Dnctus endolympha- 
ticuB, ^4 ; Asteriscus, 586 ; Bran- 
chial clefts, 548 ; Spiracular cleft, 
543 ; Branchial lamellm, 544 ; 
Teeth, 550 ; Enteron, 555 ; Fore- 
gut, 556 ; Stomach, 557 ; Mid- 
gut, 559 ; Air-bladder, 567 ; Bulbus 
arteriosus, 578; Branchial arteries, 
579 ; Aorta, 585 ; Thymus, 600 ; 
Kidney, 608,604; Yolk, 6 ) 9 ; Ovaries, 
610; Cloaca, 619. 

TenthredineaB — Feet, 246 ; Cement glands, 
808. 

Terebella — ^Tentacles, 188; Branchial do., 
185 ; Vascular system, 169. 

Terebratula — Circlet of cilia, 807 ; Mus- 
cular system, 307 ; Nervous system, 
810 ; Excretory organs, 818. 

Termes — Nervous system, 267. 

Termites — ^Malpighian vessels, 277. 

Testicardines — Stalk, 308; Shell, 308; 
Skeleton of arms, 808 ; Alimentary 
canal, 811 ; Generative organs, 818. 

Tetraotinia — ^Tentacles, 99. 

Tetrarhynohus — Aoiculi, 140. 

Thalassema — ^Excretory organs, 176. 

Thaliadro — Stolo prolife^, 391. 

Thaumantias — Gastrovascular system, 
116. 
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qrstom, 9M. 

n«iraM^Ti»di6», 29L 

naEMQftt«6ik~-<)|»tiio tMrr«|| I8S ; Yva* 
tcil<diocdi,B64; Hawt^SSl; femato 
cttgaittiiS94. 

bones, 4i07« 

inbyssnopo^b^Brandm, 

JPkysaiiosoon---TeatM^183; Alimentary 
oanal, 15& 

Thysailiixa — GnatUtes, 245; Feet, 246; 
Ventral chord, 258 ; Eye, 265; Enteric 
canal, 272; Traohese, 288. 

Tinea — Goblet-shaped organs, 528. 

Tintinnna-^Shella, 83. 


Tipnlidss — ^Bye, 267. 

Toads — Sperm, 669. 

Tomopteria — GeneratiTO organs, 189. 

Torpedo— Electric organs, 500, 505. 

Tortrix— Hyoid, 472. 

Toucan — ^Tongue, 552. 

Tracheata — ^Development, 234 ; Appen. 
dages, 288, 243; Antennse, 244; Ner- 
vons system, 255; Salivary glands, 
278 ; Liver, 275 ; Malpighian vessels, 
276, 286 ; Fat b^y, 278 ; Benal con- 
cretions, 278 ; Circulatory system, 
282; Tracheae, 286. 

Traohelius — Contractile vesicles, 86. 

Trach^ema — ^Tentacles, 102, 107; M[ar. 
ginal vesicles, 110. 

Tragnlidar-oStomach, 559. 

Trematoda — Sporocyst, 131 ; Cercariro, 
131 ; Cilia, 187 ; Aciculi, 189 ; Stylets, 
141 ; Dermal glands, 141 ; Suckers, 
143 ; Nervous system, 146 ; Visceral 
nerves, 151 ; Visual organs, 153 ; 
Alimentary canal, 157; Glandular 
organ of enteron, 164 ; Liver, 166 ; 
Excretory organs, 178 ; Generative 
organs, 179 ; Pore, 183. 

Tremoctopus — Hcctocotylised arms, 327. 

Tricooephalns — ^Muscular system, 143. 

Trionyx — ^FlastrOn, 426. 

Tristoma— Excretory organs, 178. 

Triton— Lungs, 673 ; Heart, 681, 

Tnbioolse — ^T^be, 134 ; Setee, 140 ; Visual 
organs, 166 ; Hind-gut, 163 ; Vascular 
system, 169. 

Tubifex — Generative organs, 189; Sper- 
matophores, 191. 

Tubipora — Skeleton, 106. 

Tubnlaria— Buds, 96 ; Tentacles, 101 ; 
Tests, 104; Supporting lamella, 107; 
Pigmented investment of stomach, 
108. 


Tunioata — General review, 888 ; Biblio- 
graphy, 889 ; Classification, 889 ; 


of bod^, $09 ; liltegiiment 
MiMitt^808 ; 8k6]etoV894 
Momkr system, $04 ; Nervous sys. 
tern, $0$ ; Sensorr omns, 897; AU- 
ttjmUiy osnal, 893.; Veotrsl groove, 
402| 8ssmaorswis!406. 

Tenteeles, 132; 
ft^^ternils, 1$7 ; Bod-Hke bodies, 
140 ; Husoitlar system, 142 ; Nervous 
astern, 146 ; Visoeral nerves, 151 ; 
iWitik setid, 152 ; Visual oxgaua, 168 ; 
Auditory organs/ 156; ABmeiitaKy 
osoal, 157 ; Glandular organs of en. 
teron, 164 ; Bxoretory organs, 178 ; 
Generative organs, 179 ; P^re, 184. 

Tylopoda— Fore-limb, 483 ; Stomaoh, 559 ; 
Blood-oorpusoles, 576. 


Ungulata — Nipples, 422 ; Vertebral 
column, 485 ; Paramastoids, 468 ; 
Clavicle, 477; Fibula, 494; Hallux, 
491 ; Cerebellum, 510 ; Uterus, 616. 

XJnio— Muscles, 842; Nervous system, 
345 ; Efferent renal duets, 876, Geni- 
tal canal, 381. 

Urodela — ^Vertebrae, 482, 438 ; Shonlder- 
girdle, 475 ; Pelvic-girdle, 484 ; Hind- 
limb, 488 ; Brain, 505 ; Ductus en- 
dolymphatiouB, 534; Auditory os- 
sides, 538 ; Stomach, 537 ; Iliac 
vein, 593 ; Lymphatic hearts, 599 ; 
Kidneys, W4 ; Ureter, 604 ; Cloaca, 
618. 

Uromastix — Sternum, 442. 

Ursina — Cceoum, 562. 

Ursus — Benal organs, 605. 


Vaginioola — Shells, 83. 

Varanns — Columella, 458 ; Brachial plexus, 
514; Tongue, 552. 

Vegetable Kingdom— Cells, 16 ; Tissues, 

21 . 

Velella — Generative persons, 97 ; Air-sac, 
98 ; Hepatic canals, 118 ; Generative 
products, 121. 

Vermes — Gastrula, 35 ; Dermal branchim, 
86 ; Excretory organs, 46 ; Alimen- 
tary canal, 47, 48 ; Bespiratory or- 
gans of the enteron, 49 ; Vascular 
system, 50 ; Gemmation in, 61 ; Ho- 
mology in, 64 ; Classification, 126 ; 
Bibliography, 127; Form of body 
128; Segmentation, 129; Muscular 
system, 142 ; Visceral organs, 153 ; 
Auditory organs, 156 ; Alimentary 
canal, 156 ; Coelom, 165 ; Generative 
products, 190. 

Vertebrata — Branchial clefts, 7; Lungs, 
10; Connective tissue, 24; Osseous 
tissue, 28; Blood-oorpuscles, 29; 
Cartilaginous skeleton, 88; Mnscu. 
latnre, 40; Excretory oigans, 47; 
Bespiratory organs of the enteron, 
48 ; Homology in, 64J; General 
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review, 403; Olaeilfloation, 409 ; Bib* 
liograpby, 412 ; Form of bodjr, 413 ; 

418 ; A.ppendafl^ 414 ; Limba, 
416; Integameiifc, 417; Botoderm, 
417; Dermal papillm, 417; Dermal 
bones, 42$; Internal skeleton, 426; 
Bibs, 438 ; Thoraoio-mdle, 473 ; 
Pelvio-girdla, 478 ; Ar^pterygiam, 
478 ; Fore-limb, 479 ; Hasoalar sys- 
tem, 491 ; Kervous system, 601 ; 
Brain, 608 ; Pineal ^and, 508 ; In- 
fondibnlnm, 604; Pia mater, 618; 
Araobnoid, 618 ; Spinal nerves, 614 ; 
Yagas, 518; Olfia<^ry organs, 625 ; 
Eye, 687 ; Iris, 680; Fenestra ovalis, 
687; F. rotunda, 687; Tympanic 
cavity, 687 ; Auditory ossicles, 688 ; 
Enteric canal, 589; Gall bladder, 
564; Pancreas, 665; Ooslom, 674; 
Yasonlar syst^, 676 ; Systemic 
arteries, 586; Spleen, 600; Excre- 
tory organs, 601; Generative organs, 


608; Germinal e^thelium, 606; 
Male ^rminal glan^, 609 ; Sperm, 
609 ; Genital ri(^8, 610. 

Yirg^ilftria — Generative organs, 128. 

Yiverra— Testes, 618. 

Yoluta — ^Prbboiria, 861. 

Yolvooinem— Cells, 19. ,, 

Yortez— Generative organa ISQI 

Yortioellinss-^Stalk, 68; Anal ripening, 
83 ; Nnolens, 89. 

Yultnr---Cervioal vertebrae, 484« 

Waldhbhnia — ^Bervons ifystem, 810 ; Yas* 
cular system, 862. 

Wasps— Hid-gnt, 272; PartbePogpnesis, 
802. 

Whales— Whalebone, 549* > 

Woodpeckers — Tongae, 562; Oceouin, 
562. 


Zootbamninm — Contractile bands, 80. 
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